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for FAST, ACCURATE, DEPENDABLE 
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BACTO 


UNIDISK 


and 
BACTO 
SENSITIVITY 
DISKS 


10 to 12 


susceptibility tests 


w 
Awoam 


NID 


at one time 


for 10 years the preferred reagents because... 


29 agents for maximum choice of therapeutic agents 

3 concentrations to give greatest selectivity 

278 packagings for convenience 

Precise readings without cross-reaction 

Greatest economy 

Accurately standardized 
Bacto - Unidisks combine cight therapeutic agents in a single sterile device 
individually sealed in a plastic container to assure sterility. Bacto - Unidisks 


provide for ready identification by use of characteristic color as well as name 
of agent and its concentration. 


Bacto - Sensitivity Disks are prepared in three concentrations of cach agent; 
colored and marked for quick and accurate identification. 





AVAILABLE ON REQUEST 


Bulletin No..152, describing Bacto - Unidisks 
Bulletin No. 146R, Microbial Sensitivity Testing 
Report sheets for reporting Microbial Sensitivities 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 
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Integrated 
Instruments 


A new concept in laboratory planning 


The Photofluorometer can 
be used alone or its sensitivity 
can be multiplied 15 times 
when used with the Junior 
Spectrophotometer, extend- 
ing its use to the measure- 
ment of trace fluorophors. 


The Universal Spectro- 
photometer integrates with 
the Photofluorometer to ex- 
tend fluorimetry into the 
range of trace analysis. 


The Junior Spectrophoto- 
meter integrates with the 
Flame Photometer to provide 
complete spectrophotometry 
plus flame photometry. 


The Flame Photometer in- 
tegrates with the Universal 
Spectrophotometer to add 
flame photometry to the 
Universal's wide range of 
spectrophotometry, nephelo- 
metry and photo fluorometry. 


Coleman instruments work together to save money and increase versatility 


Each of these Coleman instruments is a respected and valued tool of the medical and 
clinical laboratory. Each performs its analytical function with precision and dispatch. More- 
over, these Coleman instruments can be combined into analytical teams that vastly 


increase the scope and versatility of the analytical laboratory, without added cost and without 
interference with their basic uses. 


New literature available: 


1. The Coleman Universal Spectrophotometer Bulletin B-241 
2. The Coleman Flame Photometer Bulletin B-242 
3. The Coleman Junior Spectrophotometer Bulletin B-240A 
4. The Coleman Electronic Photofluorometer Bulletin B-245 


COLEMAN INSTRUMENTS, INC., DEPT. E MAYWOOD, ILLINOIS 
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ANTI-HUMAN 
SERUM 


FOR THE COOMBS 
ANTI-GLOBULIN TEST # 














For Faster Specimen Preparation 
Complete | Compact / Convenient 


ALOE PRECISION Micro 
Section Grinding and 
Polishing Apparatus 


Facilitates preparation of undecalcified spec- 
imens of bone, metal, and other materials for 


microscopic and radiographic examination. 


Without extensive pretreatment, you 
can obtain sections ranging from 10 to 25 
microns in thickness, using this technic. 


60200—Micro-Specimen Electric 


Procedure: Specimens are first cut Bend Saw 


with a special, low-speed band saw; 
defatted in acetone for a short period; 
then placed in molds containing liquid 
plastic and allowed to set overnight at 
room temperature. 


Resulting blocks are then cut with 
band saw to 1 mm sections and glued to 
object holders. Removable brass stops 
on object holder determine final thick- 
ness of specimen. Each side of section is 
applied to abrasive wheel until desired 
thickness is achieved. For thinner or a = 
more highly polished section, specimen 60210—Micro-Specimen Electric 
block is rubbed over a glass polishing Grinder-Polisher 
plate several times. 


All instruments are small enough to 
fit inside an average size hood, or other 
enclosure, when used with radioactive 
or noxious materials. 


Write Today for Prices and Complete 
Information. Typical Specimen Blocks Showing 
Sample Sections 


ALOE SCIENTIFIC 


DIVISION OF A.S. ALOE COMPANY 
5655 Kingsbury, St. Lovis 12, Mo. 


14 Fully Stocked Divisions Coast-To-Coast 
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FROM AMERICA'S FARMLANDS... 


——————————— 


THROUGH THE TECHNICS 


OF THE CHEMIST... 
INTO THE HANDS 
OF THE PHYSICIAN... 


In 1944, the discovery of a unique class of anti- 
microbial agents* placed valuable new drugs in 
the hands of the physician. From farm products, 
such as corncobs as a source of pentose and ulti- 
mately of furfural }.., Eaton Laboratories 
synthesized a new group of compounds: the 
NITROFURANS 


The NITROFURANS are taking their place alongside 

the sulfonamides and antibiotics as a major class 

of antimicrobial agents. They possess important 
THE NITROFURANS IN MEDICINE and distinctive characteristics: 


bactericidal to a wide range of gram-negative 


FURADANTIN © for genitourinary : and gram-positive organisms 
@Rano oF tract infections ‘ : : 
qunereasnetts low toxicity for mammalian tissues 


negligible development of bacterial resistance 
TRICOFURON ® for vaginal monil ; ; 
eonnune oettnah and trichomoniasi no bacterial cross-resistance to other agents 
micorur “) « 
ones ciate 


effective in the presence of blood, pus and serum 


no tendency to cause fungal superinfection 
FURACIN ® topical antibacterial 


Gran na 


stable 


The NITROFURANS have possibilities which have 
FURASPOR ® topical fungicide 


Mie 4 only begun to be realized. They are becoming in- 


mere cree 


creasingly important to the entire medical pro- 


fession. 


NEW: 
FUROXONE © for bacterial enteritis . 
@nano oF and diarrheas ad. M wax 


Pura 


82 


NUT TROFULRAINS 


a significant new class of antimicrobials... products of Eaton Research 
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AN AMES CLINIQUICK 


TECHNICAL BRIEFS FOR THE CLINICAL LABORATORY 


what is the role of the enzymatic urine 
glucose test in the laboratory? 


It is a rapid, efficient screening procedure. The enzyme test was proved 
qualitatively accurate—positive or negative for urine glucose—in more 
than 1900 tests. All positive results are checked with an accepted quanti- 


tative test.* 


QUALITATIVE ACCURACY OF ENZYMATIC URINE GLUCOSE TESTS 


“yes-or-no” specific enzyme 
test for urine glucose 


CLINISTIX® 


Reagent Strips 


+ rapid screening procedure 
+ just “dip-and-read” 

- sharp color change 

- firm strip for easy handling 


for reliable quantitative 
estimations 


CLINITEST* 


BRAND Reagent Tablets 


familiar blue-to-orange spectrum... 
standardized “plus” reporting ...opti- 
mal sensitivity ... reliable readings 
throughout the critical range 


(ay AMES COMPANY, INC - ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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A NEW CONCEPT IN MICROSCOPE PERFORMANCE 


P23LABOLUX 


crography with LEICA 


nail 
felealelial-1¢ mm elisle.¢ 


aglelale a ei el Mme) e. - 


The Leitz LABOLUX medical and laboratory microscope is a scientifically engi- 
neered instrument of modern design, built for a lifetime of use. The LABOLUX 
is a new concept in fatigue-free operation and precision performance. It com- 
bines the coarse and fine focusing adjustments ‘in a single control; with all 
controls, including the actuating knob for the mechanical stage, in a low con- 
venient position. High power lenses have spring-loaded mounts preventing 
damage to lenses or slides. 


The LABOLUX can be faced away from the observer, for increased accessibility 
to all controls and to the object stage. Interchangeable body tubes permit 
binocular or monocular observation as well as photomicrography, with simul- 
taneous observation and photography made possible through a unique trinoc- 
ular attachment. A wide variety of accessories makes the Leitz LABOLUX the 
ideal instrument for hospital or office laboratory. 
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E. LEITZ, INC., DEPT. L-8 
468 Fourth Ave., New York 16, N.Y. 


Please send me the Leitz LABOLUX brochure 


Name 





FIRST IN PRECISION OPTICS 


Street 





20987 


City Zone State 





© LEITZ. INC... 468 FOURTH AVENUE. NEW YORK 16. Ny. ¥ 


‘ ue "We P snadetia 
so? he hl le lL hh lL hl Lh LEICA CAMERAS Lenses microscores SINOCVULARS 
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gielel-leMlels 
thinner, greater firmness 
sharper ; 
Lite) 


*. shaped to 
: fit fingers 
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Hemolet by aape 


The original, sterile, NOW better than ever. 
disposable biood lancet it's NEW...it's SHARPER 
because it's THINNER, 
yet FIRMER! 


Point of the new Dade Hemolet penetrates 

even the toughest skin. Made of rigid stain- 

- less steel—new ribbed design gives that extra 

Beta es abe firmness needed for penetration of calloused, 
~= @- roughened skin. 

Dade Hemolets get an adequate sample 
every time. Quick, clean incision gives suffi- 
cient blood flow without a gaping wound. No 
need for pressure and resultant tissue fluid 
dilution—sample flows freely. Specially de- 
signed stop at base of tip controls depth of 
incision. Shaped to fit the fingers for sure, firm 
grip. 

No. 51605—Dade Hemolet. 
Box of 1000... .$15.00 
5 boxes, box. . .$13.25 


Packaged sterile in individual packet. 


Order from Scientific Products— 
a single,reliable source for ail lab- 
oratory supplies and equipment. 
For additional information, write 
our nearest Regional Office or 
consult your S/P Representative. 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES —1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atianta+- Chicago» Columbus: Dalias-+ Kansas City+-Los Angeles 
Minneapolis - New York + San Francisco + Washington 
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NEW ecexisitity, 
VERSATILITY AND COMPACTNESS 


FOR RESEARCH RECORDING 


THE SANBORN 
BA POLY BEAM 
6- AND 8-CHANNEL 


PHOTOGRAPHIC RECORDING SYSTEM 


—-+ up to eight channels in a single mobile cabinet 


—+» “add on” flexibility that permits a 2- or 4-channel system 
to be expanded to eight channels 


—> optional integrated monitoring unit for viewing up to four 


waveforms simultaneously, or vector loops 


—» choice of six miniature plug-in preamplifiers for ECG, 
heart sounds, sphygmograms, EEG, gas analysis, 


various pressures, and many other events 


The new Sanborn “550M Poly-Beam” is an eight channel 
recording system, which can be equipped originally for 2-, 4- or 
6-channels and later expanded to eight. Interchangeable plug-in 
preamplifiers only 10% inches high mount in four-unit modules; 
all provide extended frequency response and sensitivity for more 
accurate recording or monitoring of many biophysical events. An 
optional visual monitoring unit (located above the preamplifiers), 
which includes an oscilloscope, a vector timer and an electronic 








switch, permits viewing up to four wavelorms simultaneously, or 
vector loop presentation. Events can be monitored either as a 
supplement to, Or in place of, recording 


The recorder uses 6 in. wide recording paper in 200 ft. rolls. 
Eight chart speeds from 1.25 to 200 mm/sec. are selected by 
electrical control. Optical recording galvanometers use simplified 
plug-in coil and mirror inserts, permitting recorder expansion 
by the addition of inserts (one per channel). Time coordinates 
are recorded photographically and are produced by a synchro- 
nous timer independent of the paper drive. Amplitude lines 
which show mm. and cm. may be eliminated from 4, 2, or the 
entire chart width by manual control. Other recorder features 
include an event marker; beam interrupter for trace identifica- 
tion; provision for remote control; viewing window for observa- 
tion, positioning and standardizing of galvanometer beams. 























Also new from Sanborn are the 6- and 8-channel 350M Series 
direct writing systems. Cabinet size and style are identical to the 
550M and plug-in preamplifiers may be used interchangeably 
in both systems. 


For complete information on the new Sanborn systems call the 
Sanborn Branch Office or Service Agency nearest you, or write 
Inquiry Director, Medical Division. 








175 Wyman Street, Waltham 54, Mass. 
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Paragon Stains Paramount Quality 


TJested ead roven stains o the ve hi hest ualit 
F yy “FP 4 ¥ 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 


Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic. 
These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 
unnecessary. 
STABLE READY TO USE 
Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 
* . * * * 7 * * 7 * 7. 
PAPANICOLAOU STAIN—PARAGON EA-36 
For general staining of vaginal and cervical smears and in endocrine 
studies. 
PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 
PAPANICOLAOU STAIN—PARAGON O0G-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 
HARRIS HEMATOXYLIN—PARAGON (modified) 
For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 
* . .* * * * * . * . 7 
PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 e.c. and a 500 c.e. bottle. 


500 c.c. 250 c.c. 
Name Catalog No. Bottle Bottle 


HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 $1.50 
PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 

PS1292 
PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 

PS1293 
PAPANICOLAOU STAIN—PARAGON 0G-6 PS1284 

PS1294 

>a e 6 2 ae .@& © & a 
All prices F.0.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO. INC., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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blood and plasma volume 
measurements using radioactive 
human serum albumin 


Nuclear-Chicago equipment shown being used includes new 
OS5-5 Well Scintillation Counter and new 132 Analyzer Computer. 


Biooa and plasma volume measure- 
ments are based on the dilution which 
takes place when a known amount of 
radioiodinated human serum albumin 
is introduced into and becomes mixed 
with the total circulating blood. After 
10 minutes mixing is complete and the 
same volume is withdrawn. The de- 
crease in radioactivity is directly pro- 
portional to the dilution in the blood. 
Calculation is then easily made of the 
total blood volume. 


Since the radioactive material is 
bound only to the plasma, it is possible 
to separate the plasma from the whole 
blood, again measure the radioactive 
dilution, and thus also have a measure- 
ment of the plasma volume. 


The precision Nuclear-Chicago in- 
struments shown above are ideal for 
measuring the radioactivity in blood, 
plasma, or urine samples and may be 
used in other clinical applications in- 
cluding red cell mass and red cell sur- 
vival studies with radioactive chromate, 
diagnosis of pernicious anemia with 
radiocobalt vitamin Bi2, and measure- 
ment of fat digestion and absorption 
with radioiodine labelled triolein. 


We have prepared a brochure describing in de- 
tail oneeffective method of making blood and 
plasma volume measurements to- 

gether with detailed information 

on nine other routine radioisotope 

procedures. Write for your copy 

of “Diagnostic Applications of 
Radioactive Isotopes” today. 


nuclear - chicago 
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249 WEST ERIE STREET + CHICAGO 10. ILLINOIS 








STABLE DRY-PACK REAGENTS STAINS + INDICATORS - BUFFERS DROPPER BOTTLE PACKAGING 


AMPULED CONCENTRATES - 60 mi. AMPULED CONCENTRATES - 100 mi AMPULED CONCENTRATES - 150 mil. 


The “Dozen-Unit Package” has be- 
come a popular item. It has the 
double advantage of being both 
less costly and more adaptable to 
shelf storage. 





We now have designed an entirely 
new type “Dozen-Unit Package" for 
the supply of various Harleco prod- 

SOLID cad SOLVENT UNITS ucts which are individually boxed. 
This new package features a tear 


tape similar to that on the cover- 

ing of a cigarette package. A pull 

} FAR | OP of the tape removes the end of the 
RTT A TT TTT 


carton. Boxed units remain in a 


corrugated shell—ideal for easily 
col 
The distributor and the consumer 
will both find advantage in price 


and utility of this new package for 
commonly used items of Harleco 


co production. 
odd F 7 NINTH EDITION CATALOG AVAILABLE UPON REQUEST 


FOR INDIVIDUALLY BOXED PRODUCTS 


HARTMAN-LEDDON COMPANY - PHILADELPHIA - PA. U.S.A. 
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NEW.. HYL AND 
SCREENING TEST 
RHEUMATOID ARTHRITIS 


a rapid slide modification of the latex fixation test 
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EASY TO PERFORM — just mix separate drops of Latex- 
Globulin Reagent with: (1) patient's diluted serum, 
(2) Negative Control Serum, and (3) Positive Control Serun 
on divided areas of slide 


EASY TO READ positive reactions (well-defined 


clumps) are.clearly visible to the naked eye in a few seconds 


SUPPLIED—in compact kits containing 5 cc. Latex- 
Globulin Reagent, 2 cc. Positive Control Serum, 2 cc. Nega- 
tive Control Serum, 100 cc. Glycine-Saline Buffer Diluent, 
and divided glass slide. Each kit sufficient for at least 100 
tests—at a cost to the laboratory of only 12c per test. Test 
components are also available separately 


HYLAND LABORATORIES 
Los Angeles 39, California - Yonkers, New York 


AN *Trade Mark of Hyland Laboratorie 
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METABOLIC 
Shaking 


Incubator 


CONTINUOUS 24-HOUR OPERATION 


NO UNWANTED SPEED CHANGES 
COMMONLY CAUSED BY FLUCTUATING 
VOLTAGE 


RANGE of 25-140 CYCLES PER MINUTE WITH 
CYCLING AT 1%” STROKES 


@ Tissue metabolism and enzyme 
studies 


KNOB-CONTROLLED OSCILLATION RATE CHANGE 
NO NEED FOR MECHANICAL CHANGES 


Protein coagulations 


@ PRECISELY ACCURATE TEMPERATURE CONTROL Fosmentetions 


Homogenate research 
lhe “Precision-Dubnoff” METABOLIC SHAKING INCU- = 5) Sireatgatene 
BATOR has been accurately designed for a wide variety of 
research techniques not requiring manometric determinations. 
It is ideal for measuring the progress of biochemical or bio- 
logical reaction by chemical analysis or microscopic exami- 
nation 


Diffusions 


Dialyses, etc. 


SPECIFICATIONS 


Speed of the shaker motor is instantaneously controlled by a 
governor from 25 to 140 cycles per minute. The speed can 
be set and held—precisely—to the cycles desired. Unique 
Tray Suspension system delivers quiet operation—large ice 


capacity permits quick chilling 


RANGE: Incubator Temperature—35 to 
C. Max. Temp. 100° C 
LIQUID CAPACITY: 3.5 Liters 
UNIFORMITY: at 37° Cc. — 
at 65° Cc. — 
FLOW METER: Zero to 10 
hour 
SENSITIVITY: 0.05° C 
TIME TO REACH: 37 C.— 5 Minutes 


56° C.— 8.5 Minutes 
100° C.—13.5 Minutes 


0.1° C 
62° ¢ 
Cu. Ft. per 


Exceptional beaker-flask accommodztion—Holds 20 ml beak- 
ers plus 25 ml and 50 ml Erlenmeyer flasks simultaneously, 
or all 20’s, 25’s or 50's whenever desired. All components 
used are made from the highest quality material for extra 
performance. Overall dimensions are 2242” long, 16” wide, 
14” high, with flow meter 21” high. Bath measures 15%,” 


by 11%” by 2%”. Made of double-walled stainless steel 


Cat. No. M45600 ‘‘Precision-Dubnoff’’ METABOLIC SHAKING INCUBATOR, including constant water reguiator and con- $ 00 
necting cord with plug, but without racks or glassware. For use on 115 volts 50/60 cycles .. Each ° 


Cat. No. M45603 RACK, holds 10-50 mi Erlenmeyer Fiasks. Capacity, 2 per bath . ~~ ‘ — . Each $20.00 
Cat. No. M45604 RACK, holds 18-25 ml Erlenmeyer Flasks, 18-20 ml beakers. Capacity, 2 per bath Each $22.00 


+ prem aera 


LABORATORY 
APPARATUS 


808 BROADWAY REAGENTS 


AND 
NEW YORK 3,N_Y CHEMICALS 
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FISHER 
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CLINICAL 
ROTATOR 


variable speed... 
for present tests 
and future needs 


You can select any rotation rate 
from 70 to 210 oscillations per 
minute, at the standard amplitude, 
when you use the new Fisher Clin- 
ical Rotator for micro-flocculation 
tests. This extended range covers 
the Kline, Mazzini, VDRL, APHA 
Reference and other present tests, 
and provides a generous margin for 
future revisions or new techniques 
calling for higher or lower speeds. 

Rotation speeds are governor- 
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America's Lorgest Monufacturer-Distributor of 
laboratory Appliances & Reagent Chemicols 
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controlled within +5 cycles, in spite 
of load or voltage variations. The 
most-used rates are specially marked 
on the selector scale. You can set the 
automatic time-switch for any rota- 
tion period up to 25 minutes... or 
for continuous oscillation. 

The Clinical Rotator’s unique 
removable rubber “‘tray-top’’ holds 
20 standard 3” x 2” flocculation 
slides. Its non-skid surface makes 
slide racks or holders unnecessary. 


Cat. No. 14-251-200 
Price: $150.00 each 


120 FISHER BUILDING 
PITTSBURGH 19, PA. 
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MORE THAN 
MEETS THE 


EYE 


Physicians know that in every pint of 
blood lie vital hidden treasures. 


=—-——=The AMERICAN RED CROSS knows 

4 f this, too. Through the Blood Program, li- 

~~ censed by the National Institutes of Health, 
it provides 


® whole blood to hospitals served by 
the program 


® blood for national emergencies 


® blood derivatives to physicians and 
hospitals . . . serum albumin, gamma 
globulin, fibrinogen, fresh-frozen 
plasma and packed red cells 


® crude fractions for research 


Encourage donors to expand the availa- 
bility of life’s most precious fluid by giving 
blood wherever there are facilities for re- 
ceiving it. 


Jour. of Lab. & Clin. Med. 





Maximum 
vacuum 
retention... 


Vacuruses 


Scientific Proé™ 


~ 
_ 


No significant vacuum loss 
even 6 months after tubes 
have been removed from 
can, Vacutubes “A” just 
removed from can. Vacu- 
tubes “B” were removed 
over 6 months ago. 


Use New S/p Vacutubes 





Polystyrene holders speed blood 
collection, provide syringe-like 
action. Side-openings facilitate 
finger-tip manipulation of Vacutube 
Container and allow easy cleaning. 
New, nylon luer-lock tip permits 
easy, sure attachment of Vacutube 
needles. 


Your S/P Representative has 
samples of S/P Vacutube con- 
tainers, holders, needies 
and adapters; he'd like 
to discuss Vacutube 
contracts with you. 








5 


Maximum vacuum retention in S/P's 
exclusive new blood collection tubes. 
Even 6 months after removal from can, 
S/P Vacutube Containers retain their 
vacuum. 


Controlled stopper compression of Vacu- 
tube Containers assures maximum vacuum 
retention. Exclusive tooled, constricted neck 
affords tighter stopper fit—special tooling 
maintains uniform inside diameter of stopper 
end. For speedy identification —stoppers are 
color-coded. Though needles are easily in- 
serted, resilient diaphragm re-seals completely. 

S/P Vacutube Containers, available in 5, 
7, 10, 12 and 20 ml sizes, are packed in 
vacuum cans; 40 and 50 tubes per can de- 
pending upon size. Select from three types 

non-sterile, sterile, and treated with anti- 
coagulant. Specially treated, dry, sterile 
tubes give rapid and clear-cut clot retraction, 
minimize hemolysis. 

VACUTUBE—T.M. Scientific Products, Div. of AHSC 
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A corrosion-resistant unit, 
suitable for research, routine 
control and student work 
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CHROMATOGRAPHY TANK 


..-for ascending technique with paper 8 inches square 


A simple, compact unit, designed for the 
development of two paper chromatograms 
8 inches square, by one-dimensional or 
two-dimensional ascending techniques, 
using micro quantities (1 microliter por- 
tions) of test solution. See *‘‘Ascending 
Paper Chromatography: A Way To Do 
It,’ Journal of the Association of Official 
Agricultural Chemists, Vol. 40, No. 4 
(November, 1957), pp. 999-1029, by Lloyd 
C. Mitchell, U. S. Division of Food, Food 
and Drug Administration. 

Tank is approximately 9 inches long 
< 316 inches wide x 9 inches deep, of 
Stainless steel; easy to clean; its small 
size relative to the paper area speeds 
achievement of vapor equilibrium. 

In use, paper sheets are attached by means 
of Stainless steel spring clips to rods of either 
Stainless steel or glass, 874 inches long X 3 
mm diameter, which rest on removable, W- 
shape supports at top of tank. Lower edge of 
paper sheets is suspended in removable troughs 
which, in use, are filled with the mobile sol- 
vent. The V-shape Stainless steel troughs, 85 
ml capacity, are 834 inches long X 1 inch 
wide X 11% inches deep; borosilicate glass 
troughs, 75 ml capacity, have round bottom 
and are 834 inches long X 15% inches wide X 


A.H.T. CO. 
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%e-inch deep. A flat glass cover, with ground 
edges, permits observation of the ascending 
solvent front. In the author’s technique, 
cellophane tape is applied around edges of 
cover to form a vapor-tight seal to retain 
volatile solvents. 


“Author's article, cited above, also describes an adapter to 
support solvent troughs 3 inches, below top of tank and a 
slotted cover, permitting use of the Thomas-Mitchell Tank for 
continuous one-dimensional chromatography employing paper 
sheets 8 X 4 inches. Information on request. 





3677. Chromatography Tank, Stainless Steel, 
Thomas-Mitchell, as above described. Consisting 
of Stainless steel tank with two supports for rods, 
glass cover, two Stainless steel troughs, two Stainless 
steel rods, four Stainless steel Spring Clips, 1 pack- 
age of 100 Whatman No. | paper sheets, 8 X 8 
inches, and directions for use 31.20 
Each, in lots of 6 28.25 
Each, in lots of 36 26.71 
3677-B. Ditto, but with two glass rods and two 
half round troughs of borosilicate glass in place of 
Stainless steel rods and troughs 

Each, in lots of 6 

Each, in lots of 36 

3678-L. Paper Sheets (Filter Paper), Whatman 
No.1, size 8 X 8 inches, selected for chromato- 
graphic analysis, in which application this high grade, 
unwashed paper is considered to have medium flow 
rate. As supplied with 3677 and 3677-B. 

Per pack of 100 sheets 
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More and more laboratories rely on Thomas 
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CLINICAL AND EXPERIMENTAL 


IMPAIRMENT OF HEPATIC BROMSULPHALEIN CLEARANCE 
BY TWO L7-SUBSTITUTED TESTOSTERONES 
Rospert P. Heaney, M.D..* anp G. DoxNaLp WuHeEpon, M.D 
BETHESDA, Mb 


Ts ability of the liver to clear the blood of the dye, Bromsulphalein 


BSP), has proved to be an invaluable diagnostic and investigative tool 


in studies of hepatic function. However, since neither the mechanisms of 
BSP uptake and excretion nor the precise hepatie function which this uptake 
measures is adequately understood, the association of high BSP retention with 
hepatocellular dysfunction remains primarily an empirical one. It is the pur 
pose of this communication to describe what appears to be an exeeption to 
this relationship: elevated BSP retention, in the absence of other laboratory 
or clinieal evidence of liver dysfunction has been consistently produced by 


two commonly used 17-substituted testosterones 


MATERIALS AND METHODS 


Patients reported in this study were hospitalized on rvice of the National In 


stitute of Arthritis and Metabolie Diseases, National istitute f Health All were 


treated with an anabolic steroid because of some indication related to their primary dis 
orders. In conjunction with this therapy, routine analyses of liver function were per 
formed before and during steroid therapy These liver function studies consisted of 
routine determination of 45-minute BSP retention (5 mg. BSP per kilogram body weight), 
serum bilirubin, cephalin-cholesterol flocculation, thymol turbidity, total cholesterol, total 
protein, A/G ratio, alkaline phosphatase, and in some instances, prothrombin time. Four 


voung adult, normal con rol subjects were also studied while receiving one or more of the 


From the Metabolic Diseases Branch, National Institute of Arthritis and Metaboli 
eases, National Institutes of Health, Bethesda, Md 
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anabolic steroids; in these subjects in addition to the above liver function studies, serum 
BSP clearance rates were measured. These latter were performed by giving the dye intra 
venously in a dose of 5 to 6 mg. per kilogram, and taking serial blood samples at intervals 
of 5 to 10 minutes, for up to 90 minutes, through an indwelling needle in the opposite arm. 
All such studies were performed fasting, under basal conditions. The clearance rate is 
taken as —100 times the slope (k) of the final portion of the curve of the logarithm of 
serum BSP concentration against time. BSP values were determined by the method of 
Gaebler.! 

The agents studied were testosterone propionate administered intramuscularly, methyl 
testosterone, and norethandrolone (17-ethyl-19-nortestosterone, Nilevar) administered orally 
(not sublingually 


RESULTS 


Table I lists the patients, their diagnoses, and mean 45-minute BSP reten- 
tion values before and during therapy with the various steroids. BSP clear- 
ance values (CR) are also listed for the 4 normal control subjects and for the 
one patient in whom this determination was performed. Both 17-substituted 
testosterones (methyltestosterone and norethandrolone) in doses ranging from 
20 to 100 mg. per day, produced large elevations of 45-minute BSP retention 
in all patients so treated. Even at the lower doses, retention and clearance 
values were plainly abnormal, and, indeed, there is little apparent relation- 
ship between the size of the dose and the extent of the change. In none of 
these patients were any symptoms or signs of hepatic dysfunction noted: there 
was neither clinical jaundice nor significant change in the serum bilirubin, 
and no changes occurred in cephalin-cholestero] flocculation, thymol turbidity, 
alkaline phosphatase, total protein, or prothrombin time. There was an in- 
constant change in the total cholesterol in the subjects receiving the 17-sub 
stituted testosterones: most patients showed a slight tO moderate elevation 
during treatment; some showed no appreciable change; and one showed a 
marked fall, followed by gradual restoration to pretreatment values after 2 
months of therapy. (Both elevations and depressions of cholesterol have been 
described previously with methyltestosterone.**) 

Three patients studied with testosterone propionate showed no changes 
in BSP retention on a dose of 50 mg., intramuscularly, given 3 times weekly, 
continued for as long as 2 months. In two of the subjects, after receiving this 
dose for a minimum of one month, the drug was increased to 100 mg. per day, 
intramuscularly, for the 3 days preceding the final study. This dose is equiv- 
alent anabolically to 300 to 400 mg. of the 17-substituted compounds, and yet, 
even under these circumstances, no apparent effect on BSP clearance was ob- 
served. Similarly, no changes were noted in serum cholesterol or in other 
liver function studies in the patients receiving testosterone propionate. 

BSP clearance values showed changes comparable in extent to those noted 
in 45-minute dye retention; in all cases treated with the 17-substituted testos- 
terones, values dropped from the mean pretreatment value for the normal 


control subjects of 4.8 + 0.6 per cent per minute to a mean of 1.1 per cent per 
minute. Fig. 1 shows two typical BSP disappearance curves and illustrates 
clearly the marked effect upon BSP removal from the blood produced by 
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emilogarithmic plot of serum BSP concentration against time in Patient W. Y. 
ifter 11 days treatment with norethandrolone, 30 mg. per day The dose of 
same in both cases (5.5 me. per kilogram) 
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Fig. 2 Effect of 17-methyltestosterone and 17-ethyl-19-nortestosterone on serum BSP 
clearance rates Control points are grouped to the left of the time scale. T represents the 
date of termination of therapy Additional posttreatment clearances, performed more than 
10 days after stopping therapy, have all been within the normal range and are not included 
on this graph 
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these steroids. The time course of this phenomenon is shown in Fig. 2. Maxi 
mum depression was obtained in all cases within 7 to 10 days after starting 
treatment, and conversely normal values were restored within 7 to 10 days 
after stopping therapy. Again, no such changes were observed with testos 


terone propionate 


Analysis of the BSP curves revealed two decreasing exponential segments 
The clearance rates are based on the slope of the final segment which varied 
somewhat from person to person, in the same subject trom study to study, 
and which was markedly altered by the 17-substituted testosterones. The half 
time of the initial segment, however, remained sensibly constant for each individ 
ual throughout the entire series of studies. The values for this half-time ranged 
from 3.5 to 6 minutes in the 5 patie nts tested Whereas such rates are clearly 
so rapid that small changes would be altogether undetectable with the methods 
employed, it is reasonably certain that there were at least no gross changes 
in the mechanism responsible for the rapid initial fall in serum dye concen 
tration 


DISCUSSION 


Although the number of studies is small, it seems re asonably well estab- 
lished that the observed effeet on BSP removal is peculiar to the two 17-sub 
stituted testosterones and is not exhibited yy testosterone propionate even in 
equimoleeular dosage This point is seen clearly in pati nts J. MeM., L. C 


and W. Y., all of whom were studied while receiving testosterone propionate 


as well as while on one or both of the 17-substituted compounds, <All 3 sub 
jects failed to demonstrate the defect with testosterone propionate but did so 
uniformly when receiving the 17-substituted compounds. It, therefore, seems 
reasonable to attribute the specific retention of BSP to the alkyl substitution 
on position 17, 

The routine liver function studies performed, of course, do not measure 
a great many of the synthetic or excretory capacities of the liver, and, in the 


absenee of such studies or of liver biopsies, no final statement can be mad 


about the extent or significance of the observed effect. While this work was 
in preparation, a report has appeared by Kory and associates® also describing 
BSP retention in association with norethandrolone therapy. Six of their pa 
tients were subjected to liver biopsy, and the findings in all were normal 
In the absence of evidence of liver dysfunction by any of the usual indices, 
it seems possible that such a readily reversible change in the handling of an 
unnaturally occurring substance does not represent liver cell damage least 
in the ordinary sense of the word 


The present studies offer no insight into the possible relationship of this 
regularly occurring effect to the rarely observed 


‘*methyltestosterone jaun- 
dice,”’ 


However, years of clinical experience with methyltestosterone support 


the view that this agent is only rarely a hepatotoxin. 
Serum BSP curves observed in these studies exhibited a form somewhat 


different from that described by Ingelfinger and associates.” These workers 
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described a simple exponential curve, and observed a “break” in the curve 
only in subjects with liver damage. As has been mentioned, a “break” was 
observed in all of the present subjects, including the normal controls. The 
most probable explanation for this difference is that the curves of Ingelfinger 
and associates were based upon serum BSP coneentration taken only up to 
40 minutes after injection. It is our experience that this period may not be 
long enough to observe a “break” in normal subjects, and that if the curve is 
followed for 60 to 70 minutes a slower segment will become apparent in all 
individuals. Accordingly, clearance rates derived from the present study, 
since they apply to the slow segment of the curves, are all considerably lower 
than those previously described. 

The most plausible interpretation of biphasic curves of this sort, and the 
one which seems best to fit the known distribution of BSP,’ postulates a large 
intrahepatic protein reservoir of dye-binding sites. The first segment would 
represent mixing within a large volume of such protein dye-binding sites and 
establishment of an equilibrium between intravascular protein-bound dye and 
hepatocellular-bound dye. The slower second segment would represent clear- 
ance of dye by the hepatie excretory mechanism. In the present instance, 
since the rate at which the injected dye was diluted within its “volume of 
distribution” did not change detectably with treatment, and since the rate of 
fall after equilibrium was markedly reduced, it seems probable that the ob 
served defect involves the exeretory mechanism. Indeed, the clearance rates 
in several treated subjects approximated that observed by Cohn and asso- 
ciates in hepatectomized dogs,* and in certain of the present studies easily 
detectable BSP concentrations were observed for as long as 6 hours after in- 
jection. The minute to minute disappearance of the dye from the blood in 
such studies, despite high serum concentrations, was less than 1 mg. per min- 
ute, a value clearly smaller than the normal upper limit of liver exeretory 
capacity (as opposed to liver uptake) suggested by the studies of Combes and 
co-workers.® 

It is not possible with the present data to exelude some reduction in total 
hepatie-binding capacity as well; but it is probable that such a change, if 
present, would merely elevate the serum BSP concentration at which the slow 


phase became manifest and would not produce a change in the final slope of 
the curve. 


SUMMARY 


Two 17-substituted testosterones in common clinical use (methyltestos- 
terone and norethandrolone), administered orally in doses ranging from 20 
to 100 mg. per day, have been observed to produce marked elevations in 45- 
minute BSP retention and corresponding reductions in BSP clearance in all 
subjects treated with these agents. These effects were not observed with 
testosterone propionate at either equimolecular or equivalent anabolic doses. 
The BSP changes were unaccompanied by clinical jaundice, or by alterations 
in any of several common laboratory indices of liver function. Maximum de- 


pression of serum BSP clearance occurred within 7 to 10 days after starting 
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therapy, and conversely normal clearance was usually restored within a simi- 
lar period after stopping treatment. Indirect evidence indicates that the de- 
fect involves the hepatie exeretory mechanism rather than liver dye uptake. 


The significance of this change is uncertain, but it is presumed not to repre- 


sent liver damage. 
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SERUM ISOCITRIC DEHYDROGENASE ACTIVITY WITH 
PARTICULAR REFERENCE TO LIVER DISEASE 
STERKEL, M.D., Jean A. SpENCER, M.D. S. K. Wourson, Jr., M.S., 
AND HL. G@. WintiaAmMs-ASHMAN, Pu.D.* 


(‘Hicaco, Tub. 


KCENTLY many reports have described large changes in the activity of a 

number of serum enzymes in hepatic disease. Diagnostic implications con 
cerning the type and extent of hepatocellular damage have been aseribed to the 
levels in serum of glutamie oxalacetic transaminase (GOT),'* glutamie pyruvie 
transaminase (GPT) lactie LD) and matlie dehydrogenases, ' * aldolase,” 
and phosphohexoisomerase Most noteworthy were dramatic elevations in 
the activity of most of these enzymes in the sera of patients with hepatitis ot 
viral origin 


The recent discovery of certain triphosphopyridine nucleotide (TPN 
specifie enzymes in human blood serum! led to a survey of their activity in 
various disease states. In 


particular, serum isocitrie dehydrogenase (ICD 
levels were found to be increased in some hepatic diseases."* This paper de 


scribes changes in the activity of serum ICD in a variety of liver disorders in 
relationship to parallel alterations of two other serum enzymes whieh have been 
studied previously in these clinical situations, namely, LD and GPT. The 


diagnostic and prognostic implications of these findings are discussed. 


METHODS AND MATERIALS 
Blood samples were obtained from the cubital vein without regard to the fasting 
state. Anticoagulants were not emploved. The blood was allowed to clot at room tempera 
ture, and was centrifuged in polyethylene tubes within one hour after collection. 
were centrifuged again 


The sera 
to ensure complete removal of erythrocytes. Sera showing the 


slightest visible trace of hemolysis were invariably disearded. 


Serum ICD activity was determined by the method of Wolfson and Williams 
Ashman.! GPT activity was estimated by the spectrophotometriec procedure of Wroblewski 
and LaDue.14 The lactic dehydrogenase added in excess to the GPT test system was purified 
from rabbit muscle, and was devoid of GPT activity. Serum LD levels were measured by 
a modification of the method of Kubowitz and Ott.15 The total volume of the reaction 
mixture was 3.0 ml. and the final concentrations of the ingredients were as follows: 
0.033 M sodium phosphate buffer of pH 7.4; 0.0033 M potassium pyruvate; and 0.0001 M 
dihydrodiphosphopy ridine nucleotide (DPNH). 


In the majority of experiments the re 
actions were carried out 


at 25 + 0.5° C. as deseribed elsewhere.!% In the few cases where 
the temperature at which the reactions were run was other than 25° C., the rates of 
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reaction were corrected to the latter temperature assuming a temperature coefficient (Q 


of 1.7 over the range 20 to 30° C. In each test system, the change in absorbency at 340 mu 
was determined at a number of time intervals. The initial and final absorbency at 400 mz 
was also measured in order to ensure that nonspecific changes due to turbidit did not 


occur. The rates of reaction were caleulated from the linear portions of plots of change 


in absorbeney at 340 my versus time. The millimolar extinction coefficient DPNH and 
of dihydrotriphosphopyridine nucleotide (TPNH) at 3401 


na was assumed to be 6.22 


RESULTS 
One unit of enzyme activity was defined as that equivalent to the trans 
formation of 1 muM of substrate per 1 ml. of serum per hour at 25° C. In the 
sera of apparently healthy adults, the activity of the 3 enzymes measured was 
found to be independent of age, race, and sex The normal levels for ICD 


were found to be 109 + 56 (range 47 to 264 and for LD. 7.400 + 2.020 
4.600 to 12,100 


range 
a value in elose correspond nee with that observed by others.’ 
The mean activity of serum GPT was 360 + 130 


range 212 to 685) (ef. 5 
Determinations of ICD in serum were performed upon 250 patients. Serum 
LD and GPT levels were also measured in most of the subjeets with hepatic 
disease. The changes in serum enzyme activity observed in various disease states 
may be summarized as follows 
Viral Hepatitis. Serum IC) was estimated on Qh occasions in 16 in 


dividuals with infectious or serum hepatitis and 9 times in 5 patients with 
hepatitis complicating infectious mononucleosis 


Elevations to levels far above 
the upper limit of the normal were noted in al 


| instances where measurements 
were made within the first 10 days following the onset of jaundice (Fig. 1 
The average ICD activ ity observed in the acute phase of hepatitis was 1,480 units 
range 390 to 3,480), i.e., approximately 15 times the mean of normal. It should 
he emphasized that in only one instanee, to be diseussed below, was an ICD 


activity greater than 610 units observed in any disease other than viral hepatitis 


In patients with the usual benign course and prompt recovery of this disease, 
serum ICD returned to normal at about the beginning of the third week follow 
ing the onset of jaundice 


Fig. 2). In 3 instances in which a chronic form ot 
the disease ensued, as proved by liver biopsy, ICD activity remained enhanced 
for as long as 4 months after icterus developed. This comprised such a small 
group that the results were not tabulated; values of 765, 1,310, and 1,320 units 


were obtained at this interval. In another group, 3 patients with acute necrosis 
of the liver died as the result of hepatie failure within 3 weeks after the onset 
of viral hepatitis. Although the magnitude of the initial elevation of serum 
ICD was relatively high in each instance, the usual reversion toward the normal 
range was progressing at the time of death, and there was nothing characteristic 
which might have indicated a fatal prognosis 

Serum LD activity was determined on 56 occasions in the above-mentioned 
subjects. Elevations were noted in some eases of viral hepatitis, but as can be 
seen from Fig. 3, the extent of alteration in serum LD was much less than that 
of ICD. Similar findings concerning serum LD in viral hepatitis have been 
described by Hsieh and Blumenthal.‘ 
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GPT levels were measured in 56 samples of serum from patients with infee 
tious or serum hepatitis and on 9 occasions in hepatitis complicating infectious 
mononucleosis (Fig. 4). The changes in activity of this enzyme were similar to 
those found for ICD, but sometimes were of even greater magnitude. Within 
the first 10 days after the onset of jaundice, a mean value of 18,600 units (range 
500 to 43,000) was observed. In no instance was a GPT level greater than 1,800 
units recorded in any condition other than the acute phase of viral hepatitis. 
The changes observed in serum GPT in the latter disease agree well with the 
findings of Wroblewski and LaDue.® Serum GPT activity — returned 
to normal at the beginning of the fourth week of jaundice (Fig. 
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Fig. 1 Serum isocitric dehydrogenase activity in various diseases of the liver. In Column 
1 each triangle represents the serum isocitric dehydrogenase activity obtained within 10 days after 
the recognition of jaundice in 16 patients with viral hepatitis. Each triangle in Column 2 repre- 
sents all determinations of serum ICD activity in 16 patients with portal cirrhosis. In Column 3 a 
triangle represents each of 12 determinations of ICD activities performed on 6 patients with 
obstructive jaundice. Each triangle in Column 4 is placed at the level of activity of serum ICD 
found on 23 instances in 21 patients in whom carcinoma had been proved metas atic to the liver 
In Column 5 each triangle represents the level of serum ICD activity obtained in each of 28 
cases with metastatic malignancy proved not to be involving the liver. The horizontal line 
at the level of 264 represents the upper level of normal activity for serum ICD. Each column 
includes all determinations performed in each diagrestic category 


Portal Cirrhosis —Serum ICD activity was estimated on 27 occasions in 19 
patients with portal cirrhosis. The values observed ranged from 31 to 358 units 
(mean 171), as shown in Fig. 1. Twenty serum GPT determinations were per- 
formed on 12 of these patients; the range was 126 to 975 units (mean 426) (Fig. 
4). <A similar number of serum LD determinations gave values ranging from 
5,790 to 24,400 units (mean 11,700) as illustrated in Fig. 3. At the time the 
enzyme activities were determined, 4 of the patients were in hepatic coma and 
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4 expired subsequently within 2 to 19 days. The serum ICD levels were 342, 
398, 100, and 114 units, respectively. Serum LD activities were 9,900, 24,000, 


8,260, and 15,200 units. The serum GPT levels were 230, 500, 596. and 538 
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Fig. 2 Serum isocitric dehydrogenase activity in viral hepatitis Serial determinations 
of enzyme activity in 10 patients with uncomplicated viral hepatitis are illustrated, tabulating 
the disease from the first day of recognizable jaundice The horizontal line at 264 represents 
the upper limit of normal activity for serum ICD 
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Fig. 3 Serum lactic dehydrogenass uctivity in diseases of the liver Each cirel 
represents a value obtained for activity of serum LD Column 1 illustrates all levels of 
activity determined within 10 days after the onset of recognizable jaundice in patients wit 
viral hepatitis; Column 2, all levels of activity obtained in patients with portal cirrhosis 
Column 3, all values obtained in patients with extrahepatic obstructive jaundice: Column 4, all 
values in patients with metastatic carcinoma proved to be involving the liver The horizontal 
line at 12,100 represents the upper limit of normal activity for serum LD 
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units. There was no relationship between the activity of serum ICD, LD, and 
GPT and the degree of hyperbilirubinemia or elinieal evidence of the 
activity of the portal cirrhosis in any of these patients. Portal cirrhosis does 
not lead to large changes in the levels of these enzymes in serum In the small 
group of patients with hepatie coma, it was impossible to assign changes charac 


teristic of either coma or impending fatal outcome 


Obstructive Jaundice.—Serum enzyme activities were determined in 6 
patients who were jaundiced as a result of extrahepatic obstruction of the 
common bile duet Three of these eases resulted from a benign cause and 3 
were due to malignant disease Twelve serum ICD dete rminations gave values 

42 to 240 units) of which all were well within the normal range. Serum LD 
activities ranged from 6,200 to 22.900 units (mean 12,800 The GPT activity 


of 13 sera varied from 289 to 1,800 units 


Valiqnancy With and Without Hepatic Involvement.—Serum IC 
determined in 49 patients with some form of extensive malignaney. In 
stances liver involvement was confirmed by biopsy, either at surgery or by post 
mortem examination. As illustrated in Fig. 1, 25 measurements were made in 
this group with hepatic invasion. The values found varied from 95 to 4,500 
units (mean 473). The one extreme elevation occurred in a 31-year-old woman 
with metastatie earcinoma of the breast. Liver metastases were demonstrated 
at the time of bilateral ovariectomy and adrenalectomy) 75 days previously 
She had received transfusions at that time and had recently experienced an 
onset of jaundice. The highest ICD activity in the remainder of the group was 
610 uints. Approximately one-half of the patients with liver metastases ex 
hibited relatively small elevations of serum ICD. In the group of 28 eases with 
out liver metastases, no abnormal activities were noted. The type of malignancy 
studied included carcinoma of the prostate, breast, lung, stomach, colon, reetum 
and pancreas, malignant melanoma, lymphosarcoma, Hodgkin’s disease, myelog- 
enous and stem-cell leukemia, osteogenic sarcoma and glioblastoma multiforme. 
Elevations of serum ICD in an individual with a malignaney appear to indicate 
liver involvement. 

Serum LD and GPT levels were raised occasionally in patients with 


metastatic disease of the liver (Figs. 3 and 4) as has been noted by others. 


Viscellaneous Diseases.—Serum ICD activities were estimated in 7 patients 
with electrocardiographice confirmation of large acute myocardial infarctions. 
The assays were performed within 24 hours after the onset of symptoms in 4 of 
these eases and the values obtained fell well within the normal range. Serial 
determinations of serum ICD in all of these patients clearly demonstrated that 
myocardial infarction does not result in abnormal levels of this serum enzyme. 

Determinations of serum ICD were performed in eases of decompensated 
and arteriosclerotic heart disease, diabetes mellitus, pernicious anemia, hypo 


gammaglobulinemia, chronic uleerative colitis, thyrotoxicosis, viral pneumonia, 


breast abscess, Cushing’s syndrome, chronic relapsing pancreatitis, acute pyelo 


nephritis, acute prostatitis, diabetic nephropathy, active rheumatoid arthritis, 
pheochromocytoma, acute intermittent porphyria, pulmonary tubereulosis and 
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in patients receiving massive ACTH and corticosteroid therapy. In no instance 
were values outside the normal range observed. It has been recorded elsewhere' 


that serum ICD is within the normal range in the sera of term pregnancies. 


DISCUSSION 


The magnitude and sequence of changes in the activity of serum ICD and 
(¢PT in viral diseases of the liver is about the same. However, measurements of 
serum ICD have several advantages over those of transaminases. The ICD 
assay system measures a single step reaction, the kineties of which can be 
followed spectrophotometriecally in a single cuvette. In the commonly employed 
spectrophotometrie procedure for GPT, use is made of a coupled reaction in 
which the pyruvate formed by the aetion of this serum transaminase is de 
termined by oxidation of DPNII in the presence of excess lactic dehydrogenase 
Thus a decrease in absorbeney at 340 mp is measured, whereas in the ICD test 
system an inerease in absorbency is determined. In the ICD reaction spectro 
puotometrie readings are, therefore, made on the more sensitive range of the 
spectrophotometer Moreover, the presence of ps ruvate in sera makes necessary 
a preliminary preincubation in the GPT assay system which is not necessary in 
the measurement of serum ICD activity. In our experience TPNH, the product 
of ICD action, is stable in the presence of serum at neutral pH, unlike DPNH 

With a number of sera from patients with acute hepatitis, the relationship 
of the amount of serum added to the ICD test system to the rate of reaction 
was studied, and was found to be linear in every ease. This suggests that th 
elevated enzyme activities observed reflected a true inerease in the content of 
ICD in the serum rather than the presence of some activator or the removal of 
some inhibitory substance. The recent claim" that there are two distinct com- 
ponents in serum which possess LD activity suggests that interpretation of 
changes in the activity of oxidizing enzymes in unfractionated serum in various 
disease states may be more complex than is often assumed, However, in the 
absence of evidence to the contrary, it is reasonable to assume that the elevated 
serum ICD levels in patients with acute hepatitis results from the outflow of one 
diserete enzyme from hepatie cells into extracellular fluids. 

The determination of serum ICD activity has two main clinical advantages 
over the determination of serum SPT in liver disease. First, as vet we have 
been unable to demonstrate elevations of serum ICD activity in any disease in 
which the liver parenchyma is not involved. This has oceurred in spite of the 
fact that the ICD aetivity of some other organs has been demonstrated to be of 
order of magnitude as the transaminases. Of particular interest in this econ- 
nection is our failure to demonstrate elevations in serum ICD activity in eases 
with acute myocardial infarction in spite of the facet that we have observed" in 
human tissues obtained within 10 hours post mortem that the ICD activity of 


eardiae muscle is of the same order of magnitude as that of liver. ICD activity 


in human serum is increased greatly after acute liver injury but not in acute 
myocardial infaretion. Clearly factors other than tissue content can determine 
the magnitude of inerease of the activity of a serum enzyme following specific 
organ damage. Further, elevations of ICD in hepatitis complicating infectious 
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mononucleosis, in which situation no significant hepatocellular necrosis can be 
demonstrated hstologically,’® suggests that cellular damage not involving necrosis 
may allow increased release of cellular enzymes into the serum. 

The other clinical advantage in determination of serum ICD activity over 
that of GPT suggested by our findings is the differentiation of intrahepatic and 
extrahepatic obstructive jaundice. In patients with toxie and viral hepatitis 
presenting the usual laboratory criteria for obstructive jaundice (elevation of 
serum bilirubin, alkaline phosphatase, and cholesterol levels with normal values 
in the serofloceulation studies), we found elevations of ICD and GPT in the 
serum. llowever, we were unable to demonstrate increased activity of ICD in 
the serum of any of our patients with extrahepatic obstruction, whereas the 
activity of GPT in the serum of some of these cases was above the normal limits 
(Figs. 1 and 4). Therefore, under these circumstances determination of serum 
ICD activity appears to vield more specific information than does that of serum 
GPT. 

SUMMARY 

The isocitrie dehydrogenase activity of human blood serum is increased 
from four- to thirty fold in the early stages of aeute hepatitis of viral origin. 
The serum levels of this enzyme are also elevated, although to a lesser extent, in 
some malignancies involving metastases to the liver, but are well within the 
normal range in cirrhosis of the liver and in extrahepatie obstructive jaundice. 
No change in the activity of serum isocitrie dehydrogenase was observed in a 
wide variety of other diseases, ineluding myocardial infaretion. The changes in 
serum isocitrie dehydrogenase in acute hepatitis resemble parallel alterations of 
serum glutamic pyruvie transaminase, but are of much greater magnitude and 


follow a different eourse from changes in serum lactic dehydrogenase. These 


findings, therefore, indicate that serum isocitrie dehydrogenase activity may be 


of value in recognizing the presence of acute hepatie injury, in following the 
course of viral hepatitis, in detecting metastatic malignaney involving the liver, 
and in differentiating between intrahepatic and extrahepatie obstructive jaun- 
dice, 
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SERUM ENZYMES IN DISEASE 
Lactic DEHYDROGENASE AND GLUTAMIC OXALACETIC TRANSAMINASE LEVELS 
IN RENAL DISEASE 


Micuae. West, M.D., ann Hyman J. ZimMeRMAN,. M.D. 
Cuicaao, Iu. 


NTEREST in serum enzymes has been primarily related to their value as in- 
dicators of cardiac, hepatic, muscle, and neoplastic disease.’ 

References to the results obtained in patients with renal disease have been 
few. White® has reported elevated lactic dehydrogenase (L.D.), but normal 
glutamic oxalacetic transaminase (GOT) levels in 3 patients with ‘‘nephritis.’ 
Wacker, Ulmer, and Vallee* have stated that the L.D. level is not elevated 


‘ ’ 


in ‘‘simple’’ uremia resulting from chronic renal disease, but may be increased 
in patients with infarction of the kidney or with subacute glomerulonephritis. 
Hsieh and Blumenthal’ found elevated L.D. levels in 3 of 6 patients with chronic 
nephritis. The 3 patients with the elevated L.D. levels, however, had normal 
levels of nonprotein nitrogen, while the 3 with normal enzyme levels had azo- 
temia. In an earlier report from this laboratory,’ 6 of 8 patients with various 
chronie renal diseases had elevated L.D. levels. Acute and chronic renal dis- 
ease, azotemia, and uremia have been found**® to be associated with normal 
levels of glutamic oxalacetic transaminase. However, in the experimental pro- 
duction of graded renal infarets in dogs by arterial ligation, the GOT has been 
reported to rise above normal levels in proportion to the size of the infarct." 
In the present study, an attempt has been made to clarify the factors re 
sponsible for serum enzyme abnormality in patients with renal disease. The 
results demonstrate an appreciable incidence of abnormal lactie dehydrogenase 
levels, but rare elevations of glutamic oxalacetie transaminase levels in pa- 
tients with renal disease. No single factor responsible for the frequent oceur- 


rence of elevated L.D. levels in patients with renal disease could be identified. 


MATERIALS AND METHODS 


Seventy-one patients with various types of renal disease were studied. All but 8 patients 
were males, They ranged in age from 15 to 78. All of the patients had one or more L.D. 
determinations for a total of 181. Of the 71 patients, 63 patients had one or more GOT de 
terminations. A total of 139 GOT determinations were performed. Nonprotein nitrogen 
determinations were performed at the approximate time of the serum enzyme determinations. 
Also, most patients had multiple determinations of serum albumin, cholesterol, carbon dioxide 
combining power, and 24-hour urinary protein excretion. Autopsies or renal biopsies were 
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performed in 35 of the 71 patients. Patients who were believed to be in congestive heart 
failure were not included in this study, since previous studies have shown that L.D, elevation 
may occur in heart failure.1s There was clinical or biochemical evidence of hepatic disease 
in 1 patient with cirrhosis and in the 3 patients with a diagnosis of carbon tetrachloride 


poisoning. 


In the group with ‘‘collagen disease,’’ 10 patients had a diagnosis of systemic lupus 
erythematosus and 1 of periarteritis nodosa. In the miscellaneous group, there was 1 patient 
with hydronephrosis, 1 with papillary necrosis, 1 with polyeystie kidneys, 2 with unilateral 


kidney agenesis, | with azotemia associated with cirrhosis, 2 with diabetic nephropathy and 


with acute pyelonephritis. 


In the animal experiments, mature white rabbits were employed. toth ureters were 
ligated as they entered the urinary bladder. <A ligature was placed around the ureters at the 
time of surgery and was not tightened until it had been ascertained that the surgery had 
not produced serum enzyme elevations. Blood was obtained by cardiae puncture. The normal 
range of blood urea nitrogen in rabbits was found to be 10 to 20 mg. per 100 ml, The levels 
of L.D. and GOT before operation were in the normal human range with the exception of 1 
GOT value of 46 and 2 L.D. values of 350 and 390, respectively. 

The L.D. was performed by a method reported elsewhere. Normal values for this en 
zyme are below 270 uhM DPNH, per 100 ml. serum. The GOT was initially performed by 
the method of Karmen.!2_ In the latter portion of the study, the modification of Reitman and 
Frankel!5 of the method of Umbreit'. 15 was utilized. In the range of GOT values observed 
in the present study, no significant differences between the results obtained by the two methods 


could be demonstrated. Normal values for this enzyme (GOT) are below 40 units. 
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Fig. 1 Lactic dehydrogenase levels in 71 patients with renal disease by diagnostic cate 
wory ind levels of NPN. The highest L.D. value ob ained in each patient is represented by a 
RESULTS 

General.—Seventy-one patients with renal disease were studied. In 43 of 
these, the L.D. levels were elevated at some time during their course. As may be 
seen from Fig. 1, elevations of the lactic dehydrogenase levels were seen in pa 
tients in all diagnostic categories. 

Glutamic oxalacetic transaminase determinations were performed in 63 of 
the 71 patients. This serum enzyme was elevated in only 6 of the patients. 
The elevations were seen in one patient with advanced cirrhosis and azotemia 
and in 4 patients with acute renal failure. Three of the 4 with acute renal 
failure had a diagnosis of carbon tetrachloride poisoning and associated hepatic 
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imber 2 
necrosis. The fourth patient with acute renal failure was an alcoholic in de- 
lirium tremens whose renal disease was shown by renal biopsy to represent tu- 
bular necrosis. There was no evidence of cirrhosis. The sixth patient had a 
diagnosis of benign nephrosclerosis with no clear explanation for the acute azo- 
temia nor of the slightly elevated transaminase level (60 units 

Relationship to Diagnosis and Azotemia.—Lactic dehydrogenase elevations 
were seen in patients with and without azotemia (Figs. 1 and 2). As may be 
seen from these figures, there was no clear relationship between the height of the 


NPN and the lactic dehydrogenase level in the various types of renal disease. 
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actic dehydrogenase levels of each patient plotted against nonprotein nitrogen values 
No clear relationship is apparent 


The number of patients in each category studied, however, was small. It is of 
interest that all 4 patients with a diagnosis of the nephrotic stage of glomerulo- 
nephritis had elevated levels of serum L.D. None had azotemia at the time of 
the study. The 4 patients with acute renal failure hed elevated L.D. levels. 
Seven out of 9 patients with malignant nephrosclerosis had elevated L.D. levels. 
There were 11 patients with ‘‘collagen disease’’ 


7 of these had elevated serum 
L.D. levels (Fig. 1). 


Relationship to Other Clinical Findings.—There was no apparent relation- 
ship between the severity of the anemia and the occurrence of L.D. elevations. 
Likewise, there was no correlation between the degree of acidosis, as measured 
by the earbon dioxide combining power, and the level of the serum lactie de- 
hydrogenase. The occurrence of elevated levels of this enzyme in 4 patients 
with the nephrotic syndrome led to the analysis of the relationship between 
the degree of proteinuria and the serum albumin levels and serum cholesterol 
levels. 
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There was no clear correlation between the L.D. and the degree of pro 

teinuria and cholesterol levels, respectively (r | proteinuria | +0.08; r | choles 

terol|= 40.14). The serum albumin levels, however, showed an inverse cor- 

relation with the L.D. levels which was statistically significant (r 0.26; p< 
0.05) (Fig. 3). 
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Lactic dehydrogenase levels of each patient plotted against the serum albumin 


levels 
(r 0.26). 


Animal Studies.—The effect of ureteral ligation on serum enzyme levels was 
studied in 7 rabbits (Fig. 4). Surgical trauma produced little or no elevation 
of the serum lactic dehydrogenase and glutamic oxalacetic transaminase levels. 
With bilateral ureteral ligation, there was a prompt and progressive elevation of 
the blood urea nitrogen level. In several of the animals, elevation of BUN was 
noted after ligature application and even before it was tightened. The animals 
survived 1 to 4 days after ureteral ligation as may be seen from Fig. 4. Eleva- 
tion of the lactie dehydrogenase levels occured in only 2 of the 7 rabbits. The 
degree of azotemia in these, however, was no greater than that observed in some 
of the other animals without serum enzyme elevation. In none of the 7 animals 
did elevation of the GOT occur. In 3 additional rabbits, dehydration was pro- 


duced by complete water deprivation for 8, 10, and 12 days, respectively (Fig. 


5). A progressive rise in the L.D. was observed in only one animal. Although 
azotemia was noted in all, only in Rabbit 3, did the L.D. increase in parallel 
with the rising azotemia. It is of interest to note that this animal survived 
longer than the others and had a greater degree of azotemia at the time of the 
rise in serum L.D. levels. GOT elevations were observed only in Rabbit 2 and 
occurred so irregularly as to be ascribed to the trauma of the cardiae puncture 
performed to obtain blood. 


DISCUSSION 


Elevated serum lactic dehydrogenase levels were frequent in this group of 
patients with renal disease. This is in keeping with our previous report,’ and 
with the results of others.°’ Elevated enzyme levels occurred in patients with 
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and without azotemia. Furthermore, the experimental production of renal 


failure in animals did not result consistently in serum enzyme elevations. Acido 
sis, anemia, hypercholesterolemia, and proteinuria, respectively, had no con 
sistent relationship to the occurrence of elevated L.D. levels. There was, how 
ever, a statistically significant inverse correlation between the level serum 
albumin and the serum L.D. levels. This observation is reminiscent of the demon- 
stration by Vorhaus and Kark" that the serum cholinesterase level is elevated 
in patients with nephrotic syndrome, although depressed in 


other hypoal 
buminemie states. These 


workers suggested that in patients with nephrotic 
albumin synthesis is increased and that this inereased syn 
thesis also is reflected 


syndrome the rate of 
in increased cholinesterase synthesis. 
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Fig. 5.—The effect of dehydration on the 
3 rabbits. A progressive rise in L.D. 
days) and greatest degree of azotemia. 


serum enzyme and blood urea nitrogen levels in 
occurred only in Rabbit 3 which had the longest (12 


The oeeurrence of serum enzyme elevations in some patients with renal 
disease raised the possibility that the enzyme might be normally excreted in the 
urine and that renal disease, therefore, might interfere with its excretion. In- 
deed, such a relationship exists between serum amylase and renal failure.'* In 
contrast, lactie dehydrogenase cannot be demonstrated 


in the urine of patients 
with normal or high serum L.D. levels."* 


Furthermore, as has been stated above, 
there was no apparent correlation between the degree of azotemia and the serum 
lactic dehydrogenase level. In animals, ureteral ligation did not uniformly 
sult in elevations of the levels of enzyme. It should be emphasized that the 
animal experiments were acute. It would appear that elevated lactie dehydro- 
genase levels in patients with renal disease cannot be ascribed to failure of a nor- 
mal route of exeretion of this enzyme. 


re- 
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Similarly, Sibley, Fleisher, and Higgins'*® were unable to elucidate the sig- 
nificance of elevated serum aldolase in rats after bilateral nephrectomy and after 
bilateral ureteral ligation. 

The serum glutamic oxalacetic transaminase levels were elevated in only 6 
of the patients in the entire group. In 4 of these patients, there was associated 


hepatic disease. The fifth had associated delirium tremens, a condition in which 


the levels of several serum enzymes have been noted to be elevated.*:'* In only 


one patient with azotemia, but without apparent hepatic disease, were levels of 
this enzyme elevated. 

Rena! tissue has been shown to contain large amounts of L.D.?° and GOT. 
Experimentally induced necrosis of kidney tissue has been shown to produce 
elevation of serum GOT levels,"' but we are not aware of similar studies with 
respect to serum L.D. levels. If the elevation of serum L.D. levels in the pa- 
tients with renal disease were the result of release of the enzyme from necrotic 
or altered kidney tissue, GOT elevations might be expected in the same group 
of patients. This was not the case. Furthermore, there was no consistent cor- 
relation between the primary renal diagnosis and the occurrence of L.D. eleva- 
tion. 

The significance of the oecurrence of elevated levels of lactic dehydrogenase 
in patients with renal disease is not clear, but this interesting phenomenon war- 
rants further study. For clinical purposes, it may be useful to note that in 
patients with renal failure, elevated serum levels of lactic dehydrogenase, al- 


dolase, and amylase may occur. 


SUMMARY AND CONCLUSION 


1. Forty-three of 71 patients with renal disease were found to have elevated 
lactic dehydrogenase levels in the serum. Although azotemia was common in 
this group, there was no direct relationship between the serum enzyme levels 
and the degree of azotemia. The degree of anemia, acidosis, proteinuria, and 
hypercholesterolemia could not be related to the serum lactic dehydrogenase 
levels. There was a statistically significant (p< 0.05) inverse correlation be- 
tween the serum albumin levels and the lactic dehydrogenase levels. 

2. Experimental renal failure produced in rabbits by ureteral ligation or 
by dehydration resulted in an inconstant occurrence of elevated serum lactic 
dehydrogenase. 

3. The serum glutamic oxalacetic transaminase levels were found to be 
elevated in only 6 patients of 63 with renal disease. Four of these 6 had coin- 
cidental hepatie disease adequate to account for the elevated glutamic oxalacetic 
transaminase levels. Another had delirium tremens and acute renal failure. In 
one patient with renal failure, but no demonstrable hepatic disease, this enzyme 
was also found to be elevated. 

4. The factor(s) responsible for the elevated serum lactic dehydrogenase 
levels in patients with renal disease could not be elucidated. 


We are grateful to Miss Rose Falbo, Mrs. Dorothy Gantt, Mrs. Ilona Dapkas, and Mr. 
Vincent Takulis for their assistance in this study. 
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EFFECT OF POSTURE ON SALT AND WATER RETENTION, I 
James L. Camp, IIT, M.D., Frank Tare, M.D., Miami, Fua., Preston B. 


LOWRANCE, M.D., ANp J. Epwin Woop, Jr., M.D., 
(CHARLOTTESVILLE, VA, 


ANY physiologic changes oeeur when man assumes the erect position. 
Among these is a decrease in renal excretion of water, sodium, potassium, 
and chloride. Several mechanisms have been suggested to explain these effects. 
The present experiments were designed to utilize a simple and _ reliable 
method for evoking the reduction in water, sodium, potassium, and chloride 
excretion by the kidneys on quiet standing and to elicit information as to why 
these changes occur. These experiments were also designed to determine 
whether the antidiuretic response is due to stimulation of the neurohypophysis 
to release an antidiuretic substance and also to attempt to see what part was 
played in postural salt retention by the adrenal cortex, the lower extremities, 
and congestion of the head. 


METHODS 
The subjects for this experiment were all normal men from 20 to 60 years old with 
the exception of the particular patients, noted below, who were used for certain specific 
experiments, Both normal subjects and patients were on their regular diets prior to the 
experiments and were in the fasting state during the experiments. They were given 200 
to 400 ml. of water on arising to compensate for possible water deficit which may have 
occurred during sleeping. This has been found by our experience to be advisable in ordet 


to bring out the sharp contrast between the reclining and upright positions, Smoking was 
prohibited, The experiments were done soon after the subjects awakened in the morning. 


All voided in the upright position. 


Each experiment was divided into five 40-minute periods. Each subject drank 1.3 
ml. of 0.2 per cent sodium chloride per pound of body weight, as previously recommended 
by Epstein and associates! before each period and the urine was collected at the end of 
each. They were recumbent durin 


v the first 2 periods (several who did not have a good 


water diuresis remained lying for 3 periods), stood quietly for the third, and were recum 


bent for the last 2. The volume and concentration of sodium, potassium, and chloride were 


measured on each urine specimen. The sodium and potassium concentrations were determined 


with a Baird standard internal flame photometer and chloride was determined by the method 
deseribed by Schales.2 


The subjects consisted of several groups in which various factors, relating to the 


postural retention of water and salt, were investigated. These groups were made up of the 


following: (1) 7 normal men, aged 28 to 57, were control subjects; (2) 6 control subjects 


had 90 ml. of 160 proof Bourbon whiskey substituted for 90 ml. of 0.2 per cent NaCl 5 
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minutes before they assumed the upright position; (3) 4 patients with Addison’s disease who 
were being maintained on cortisone; (4) 2 patients who had sustained bilateral high thigh 
amputations months previously: one following trauma, the other following a saddle embolus 
presumably from a left ventricular mural thrombus after a coronary occlusion with myo 
eardial infarction; (5) 3 normal medical students, around whose necks a blood pressure 
cuff was inflated to 20 mm. Hg during the standing period; (6) one patient with the superior 
mediastinal syndrome, before and after therapy. 

An ll-year-old boy with epispadias, otherwise normal, with an indwelling catheter 
in place was given 0.2 per cent NaCl while recumbent until diuresis occurred. He then 
stood quietly and urine samples were collected every 5 minutes to determine the interval 
before the onset of salt and water retention. He then lay down and urine samples were 
collected every 5 minutes to determine the duration of the effects of standing. During 


this experiment the subject drank 200 ml. of 0.2 per cent NaCl every 40 minutes. 


RESULTS 


1. Postural Antidiuresis and Antisaluresis.—The data collected on the young 


boy with epispadia are shown in Table I. The decrease in water, sodium, 
and potassium exeretion is evident between 5 and 10 minutes after assuming 
the erect position. This effect persists for 25 minutes after resuming the reeum- 


bent position. 


TABLE I. SHOWING TIME OF ONSET AND PERSISTENCE OF POSTURAL ANTIDIURESIS AND 
ANTISALURESIS IN AN 11-YEAR-OLD Boy WitH INDWELLING CATHETER IN A DIURESIS 
Witnu 0.2 Per Cent NaCu 


URINE FLOW Na EXCRETION K EXCRETION 
POSITION (ML./MIN, (mEq./MIN. (mEq./MIN. 
Lying 1.8 0.094 0.063 
Lying 3.0 0.186 0.110 
Lying 3.8 0.213 0.114 
Lying 5.3 0.198 091 
Lying 6.1 0.158 070 
Standing 5.0 0,120 052 
Standing 1.6 0.040 O17 
Standing 0.5 0.014 006 
Standing 0.3 0.009 004 
Standing 0.6 0.017 008 
Standing 0.4 0.025 007 
Standing 0.4 0.013 007 
Standing 0.5 0.017 O10 
Lying 0.5 0.018 O11 
Lying 0.6 0.023 022 
Lying 0.5 0.025 019 
Lying 1.0 0.051 040 
Lying 1.4 0.093 060 
Lying 3.0 0.255 0,129 
Lying 6.2 0.334 0.127 


Lying 7.9 0.164 0.055 
2. Control Subjects.—The data obtained in the control subjects are shown 
in Table II. These results show the decrease in water, sodium, and chloride 
exeretion on quiet standing. These is an equally marked decrease in potassium 
exeretion. These data show also that the decrease in exeretion of water and 
electrolytes is sometimes more evident in the first reeumbent position after stand- 
ing than in the standing period. This may be due to a delay in the onset of 


the decreased exeretion of water and electrolytes on standing and persistence 
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of the effeets of standing for 25 minutes after assuming the reeumbent posi- 
tion (Table 1). With the marked change in urine flow, this delay is emphasized 
by the dead space of the urinary collecting system. In one subject (B. M. D. 
even though there was no diuresis before standing, standing caused a decrease 
in urine flow of 43 per cent. In this subject the response to standing of sodium, 


potassium, and chloride exeretion is similar to that observed in other controls. 
TABLE II. NorMAL CoNTROL SUBJECTS 


URINE URINI N: Cc] KX 

VOLUMI MI nk mkq. mEq. 
POSITION , MIL. MIN. IN. MIN. MIN. 
335 8.39 2 0.169 0.051 
Standing 72 L.SO 7 0.059 0.018 


Lying 142 3.53 0.152 0.035 


Lying 


Lying i4 1.10 : 0.090 0.079 
Lying 360 9.00 : 0.156 0.119 


Standing 270 6.76 013 0.058 0.074 


Lying 50 25 0.055 0.047 
Lying 150 D5 ; 0.146 0.113 


Lying 140 ; 053 0.136 0.09] 
Lying +S0) 2 O48 0.156 0.120 
Standing 145 62 O18 O.O78 0.071 
Lying 105 2.63 O37 .159 0.072 


Lying 365 ; Oo] 157 0.114 


26 j 107 .180 063 
Lying 3 ; 157 212 O70 


Standing i O78 13: 055 


Lying 


Lying 29.5 i O99 5 06S 
Lying 3 } 197 27 101 


Lying O7 , 229 27! 136 
Lying f 3.2 ATZ : 166 


Standing d ¢ Oog 135 
Lying i: 10S 157 102 


Lying , { 234 807 153 
Lying 5 119 146 0.057 
Lying 165 110 314 0.105 
Standing 57 A 061 142 0.081] 
Lying 91 a3 0938 S87 0.103 
Lying 380 5 123 41 0.133 
Lying 10 144 200 0.057 
Lying 280 E O70 0.144 0.061 
Standing 205 5.13 O82 0.155 0.067 
Lying 95 2.3 0.073 0.092 0.073 
Lying 390 9.7% 0.093 0.212 0.135 


Another subject (H. H. H.) is ineluded in the series to show a variation in 
response which occurred when a subject was allowed to do the experiment 
with personal responsibility for timing and collecting the specimens. This sub 
jeet is a tense, conscientious person in whom, presumably, emotional factors 


altered the expected response. We have found that unless this simple pro- 


cedure is supervised carefully and the subject is without personal responsibility, 


the usual response cannot be obtained with certainty. 
3. Effect of Alcohol Ingested Just Before Standing.—The data on 6 of the 


control subjeets who ingested 90 ml. of 100 proof Bourbon whiskey 10 minutes 
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prior to standing are shown in Table III. These data illustrate that alcohol 
inhibits the antidiuresis of quiet standing but has no definite effect on the 
excretion of sodium and chloride. This is not the case with potassum excre 


tion. In the aleohol experiments, potassium excretion decreased on standing, 


as did sodium and chloride exeretion; however, on resuming the reclining po 


sition the excretion of potassium continued to be decreased, whereas the exere 
tion of sodium and chloride returned to approximately prestanding levels. In 
the control experiments potassium excretion was similar to sodium and ehloride 
excretion through all phases of the experiment, We have no explanation for 
this observation. 


TABLE III. Evrrect or ALCOHOL INGESTION JUST BEFORE STANDING 


URINE URINE Na Cl K 
riME VOLUME (ML, (mEq. (mq. (mq. 
SUBJECT | POSITION |(MIN.) | (ML. | MIN.) MIN.) |} MIN. MIN.) 


J. L. C. Lying 40) Sl 2.03 0.131 0.219 0.121 
Lying +0) 478 94 0.107 0.259 0.185 
Standing 10 398 9.94 040 0.129 0.114 
Lying 50 438 75 061 0.114 0.039 
Lying 30 122 06 162 0.194 0.057 


Lying 40 15 063 0.120 0.069 
Lying 40) 42% 60 O74 0.182 0.132 
Standing 40) 9.6 029 0.083 .063 
Lying 40) 385 9.6 029 0.083 033 
Lying 40) 5. 069 0.124 037 


Lying 40 ‘ . 138 0.159 058 
Lying 50 : . .187 0.208 070 
Standing +) 2.9% 102 0.117 053 
Lying 40 344 eta O87 0.113 061 
Lying 2 3.5% 128 0.142 037 


Lying 2 +, 066 0.106 065 
Lying 5 ‘ f O80 0.204 LS 
Standing UR! ‘ 025 0.100 071 
Lying 365 9.: .050 0.082 055 
Lying 35% of 11S 0.169 057 


Lying § 2. 116 0.124 055 
Lying 405 ’ 142 0.365 122 
Standing 3k si 024 0.213 075 
Lying 37! 9. 028 0.216 052 
Lying ‘ 2. 113 0.187 042 
Lying 3: ; 073 0.125 .055 
Lying 205 5.1: 051 0.156 0.075 
Standing 046 0.130 0.070 
Lying 385 042 0.125 0.043 
Lying 33! 0.084 0.108 0.050 


4. Effect of Quiet Standing on Subjects With Cerebral Congestion.—The 
data in Table IV reveal that in 3 normal medical students a blood pressure 
cuff, inflated to 20 mm. Hg, around the neck during the standing period had 
little appreciable effect on the decrease in water, sodium, chloride, and potas- 
sium excretion of quiet standing. None of the subjects complained of dis 
comfort during the cuff inflation. 
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TABLE LV. BLoop Pressure Curr INFLATED AROUND Neck (20 MM./He) During STANDING 
PERIOD 


URINE URINE Na Cl K 

riM VOLUME (ML. mEq. mEq. mEq. 
POSITION MIN. ML. MIN. MIN. | MIN. ) 
Lying 10 111 ‘ 0.119 0.128 0.049 
Lying 10 250 3.2! 0.144 0.121 0.035 
Standing 10 165 13 0.085 0.076 0.027 
Lying 10 59 ; 0.061 0.060 0.020 
Lying 10 820 ' 0.088 0.067 0.020 


Lying 10 65.5 6 0.150 0.179 0.101 
Lying ia 260 3.! 0.143 0.170 0.101 
Standing 10 160 ‘ 0.142 0.165 0.096 
Lying 10 58 A! 0.086 0.128 0.083 
Lying 10 245 i. 0.133 0.168 0.130 
Lying 40 132 3.3 0.218 0.227 0.120 
Lying 10 280 7.0 0.271 0.261 0.138 
Standir 10 97 2.42 0.113 0.125 0.070 
Lying 10 12.5 0.31 0.040 0.040 0.020 
Lying 10 285 7.12 0.179 0.172 0.105 


5. Effect of Quiet Standing in a Patient With Superior Mediastinal Syn 
drome.—The data in Table V were collected on a man who had superior 
mediastinal syndrome. Prior to therapy this patient had massive edema of his 
face and arms, a venous pressure (by the usual standard technique with the 
patient reeumbent) of 550 mm. H,O in both arms and 150 mm. H.O in both 
legs. After nitrogen mustard therapy, the patient had a good elinical result 


with loss of edema of his face and arms and a venous pressure drop to 330 
TABLE V. PATIENT WitH SurERIOR MEDIASTINAL SYNDROME (BEFORE AND AFTER THERAPY 


URINE 
TIME VOLUME Na K 
SUBJECT POSITION MIN. (ML. mEq./MIN,. mEq./MIN.) 
Prior to Lying 30 195 ¥. 0.272 0.104 
therapy Lying 30 2 : 0.160 0.064 
Standing 30 25 - 0.134 0.063 
Lying 30 265 0.141 0.070 
Lying 30 2! J 0.160 0.068 


Prior to Lying 10 ‘ 3 0.135 0.045 
therapy Ly ing 10 22: 5.6 0.139 0.036 
Standing 40) 3 oD 0.105 0.045 

Lying 15 36 0 0.120 0.036 

Lying 10 3! 4 0.164 0.038 


After Lying 62 : 2.8 0.098 0.047 
therapy Lying 40) 0.112 0.042 
Standing 41 2 0.062 0.042 
Lying 41 j 5 0.086 0.032 

Lying 40 4 


mm. H,O in both arms. The data show that on two different days before therapy 
this patient had no significant decrease in water and potassium excretien snd 


only a slight decrease in sodium excretion after quiet standing. One month 
after nitrogen mustard therapy this experiment was repeated and the subject 
had the usual decrease in water excretion and some decrease in sodium and 
potassium excretion on quiet standing. 
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6. Effect of Quiet Standing on Subjects With Bilateral High Thigh Ampu 
tations.—The data in Table VI reveal that these two subjects with bilateral 
thigh amputation responded to quiet standing or a 60 to 80 degree upright 
position with decrease in renal water and electrolyte excretion similar to normal 


subjects. 


TABLE VI. PATIENTS WitH BILATERAL High THIGH AMPUTATIONS 


URINI URINI Na Cl iN 
riMI VOLUMI ML. mEq. (mEq. mEq 
SUBJECT POSITION MIN. (ML. MIN, MIN MIN. MIN, 
J. H. Lying 40 +4 1.1 0.220 0.305 0.091 
Lying +0) 135 3.4 0.165 0.220 0.078 
Lying 10) 93 2.3 0.082 0.121 0.045 
Standing 10 38 95 0.071 O.110 0.038 
Lying 10 100 2 s 0.073 O.119 0.043 


Lying 10 “7 2. O.387 0.419 0.038 

Lying +) Specimen inadvertently discarded 

Lying 10) 335 8.4 0.502 0.509 0.159 

Standing 10) 165 11 0.124 0.143 0.039 
” 


Lying +) batt) 2 198 0.203 0.033 


TABLE VII. Patients WI ADDISON ’S DISEASE ON MAINTENANCE DOSES rISON} 


URINE URINE Na Cl K 

rIMs VOLUM ML. mEq mEq mEq 

POSITION MIS MIN. MIN MIN. MIN 
Lying 40 ; 2 0.438 0.486 0.925 
Lying 1) O.225 O.239 0.460 
Lying 10) 53 Oe 0.220 0.174 0.497 
Standing 10 33 Bs) 0.115 0.144 O3900 
Lying 10 0.158 0.196 0.405 


Lyin 10) 3 7 0.133 0.102 0.013 
Lying 40) 7 0.147 0.152 0.016 
Stan uF 28 53 J 0.057 0.066 0.014 
Lying 10) 7 0.045 0.085 0.019 
Lying 80 3 0.133 0.147 0.086 
Stan ru 0) : B 0.045 0.076 0.047 
Lying 10 ; 0.044 0.059 0.037 
Lying 10 2.6 0.089 0.099 0.044 
Lying 42 7 0.087 0.129 0.048 
Lyin 40) i: 6 0.136 0.177 0.062 
Stan y 40 3 f 0.074 0.109 0.042 
Lyin 40 : ' 0.073 0.075 0.037 
Lying 10 22! 0.112 0.107 0.062 


7. Effect of Quiet Standing on 4 Patients With Treated Addison’s Disease. 
In view of the great influence which the adrenal cortex exerts on sodium ex- 
cretion, it seemed of interest to see if postural antinaturesis would be altered 
in a patient with Addison’s disease. The adrenal abnormalities in these sub- 
jects, even though maintained on adequate substitution therapy, excluded 
active adrenocortical participation in their response to quiet standing. The 
data obtained on these patients are shown in Table VII. Since none of these 
patients had received cortisone for at least 12 hours prior to the experiment, 
it was to be expected that they would not go into water diuresis.’ In 2 of these 
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patients (S. RS. and S.S. J.) the response, excepting the lack of water diuresis, 
was very similar to that observed in the control subjects. Even though in one 
of these subjects (W. P.S.) there was a marked drop in sodium, potassium, and 
chloride exeretion prior to the standing period, there was a further decrease 
in sodium, potassium, and chloride on standing with a return to higher levels 
on reclining. In another of these subjeets (A. M.) the response of sodium 
and chloride exeretion on standing was similar to the normal; however, there 
was no change in potassium exeretion on standing. This may have been due 
to the faet that this patient was exereting very small amounts of potassium 
prior to the standing period. 


DISCUSSION 


The method used is a simple and reliable one for evoking the decrease in 
water, sodium, potassium, and chloride exeretion observed during quiet stand 
ing. This response to standing becomes apparent 5 or 10 minutes after the 
subject stands and persists 25 minutes after he lies down. That these changes 
persist for an appreciable time after the return to the reclining position would 
argue that the standing position initiates the release of a substance (possibly 
circulating) which continues to exert an effect for 30 minutes. One would not 
expect local postural renal circulatory changes to persist for this length of time. 


Decreases in glomerular filtration alone are insufficient to explain always the 


changes in sodium exeretion as is pointed out by Epstein and associates.' A 
rise in filtration fraction is generally accompanied by a decrease in exeretion 
of sodium, potassium, and chloride. This observation and the appearance of 
a vasoconstrictor substance in the blood on assuming the upright position are 
discussed in the following paper by one of us. 

In our normal subjects the decrease in water excretion on standing was 
blocked by the ingestion of aleohol prior to standing. The decrease in sodium, 
potassium, and chloride excretion on standing was not appreciably affeeted 
by the aleohol. The qualitative decrease was unaffected even though quanti- 
tatively there were fluctuations. These results indieate that the deerease in 
water exeretion is mediated differently than the decrease in electrolyte exere- 
tion. This conclusion is in agreement with that of Kleeman and associates* 
and Pearee and Newman.’ From the work done by Epstein on the inhibiting 
action of ethyl aleohol on the neurohypophysis and our results it would seem 
reasonable to think that the antidiuresis of quiet standing is caused by the 
release of antidiuretic hormone by the neurohypophysis. The initiating cause 
of this release is not known. Verney* * demonstrated in dogs that the posterior 
pituitary may be stimulated to release antidiuretic hormone by an increase 
in osmolarity in the carotid artery. Change in electrolyte concentrations in the 
internal carotid is assumed to be an initiator of antidiuresis in man,* but is 
not proved to be a factor in the antidiuresis of quiet standing. The electrolyte 
retention of quiet standing is even less well understood. Lewis and co-workers® 
were able to increase the excretion of sodium by compression of the neck of 


the normal sitting subject and suggest that orthostatic antinaturesis is mediated 
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through volume receptors in the cephalad portion of the body. This has not 
been substantiated by others."° In our acute experiment we were unable to 
demonstrate an effect on the antidiuresis and antinaturesis of quiet standing by 
neck compression. However, the return to a more normal excretion pattern 
after therapy exhibited by one subject with the superior mediastinal syndrome 
tends to substantiate Harrison’s® coneept that the antidiuretic and antinaturetic 
response, to standing at least, are mediated through the cephalad portion of the 
body. Admittedly, the experiment on the patient with the superior mediastinal 
syndrome was not fully controlled but the results are highly suggestive. It is 
not possible to use patients with congestive heart failure with generalized 


high venous pressures as controls owing to the fact that most of these patients 


are either retaining salt and water with increasing failure or undergoing 
diuresis with improvement. 

Two bilateral thigh amputees responded to ‘‘standing’’ in the same man 
ner as did the normal individuals. Shifts in interstitial fluid in the legs do 
not seem to be the initiating factor in the decrease in renal exeretion of water 
and electrolytes on standing. This does not agree with Pearce and Newman’s® 
leg-wrapping experiments. In our experience, the antidiuresis of quiet stand- 
ing was not inhibited by leg wrapping. These experiments are not included 
because of the discomfort our subjects experienced. 

Welt" has stated that the adrenal cortex may play some role in postural 
salt retention. Holland and Stead’? have concluded that it appears unlikely 
that stimulation of the adrenal cortex by ACTH or the production of cortisone 
or desoxyeorticosterone glucoside is important in the striking salt retention 
produced by motionless standing. The decrease in potassium as well as 
sodium exeretion on standing would tend to exelude the adrenal corticoids 
as being the initiators in this result of standing. If quiet standing caused 
increased release of adrenal cortical hormones, one would expect sodium to be 
retained and potassium exereted. The decrease in electrolyte exeretion on 
standing in our treated patients with Addison’s disease supports the hypothesis 
that the adrenal ecorticoids probably do not cause the antisaluresis of quiet 
standing. That cortisone was withheld from these patients 12 hours prior 
to the experiment may have influenced their response. Our data do not permit 
us to say whether or not the adrenal steroids are permissive for the initiation of 
sodium retention. 

SUMMARY 


Quiet standing represents a simple and dependable method for evoking 
decreases in renal exeretion of water and electrolytes. Evidence that this 
decrease in water and electrolyte exeretion is mediated through different path- 
ways is presented. The hypothesis that the release of antidiuretic hormone by 
the neurohypophysis as a probable mechanism in the antidiuretic response is 
supported. We conclude from our data that the adrenal cortex and the lower 
extremities play little part in the acute decrease in sodium, potassium, and 
chloride secretion on quiet standing. We were unable to affect the excretion of 
sodium by congestion of the head in acute experiments. 
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EFFECT OF POSTURE ON SALT AND WATER RETENTION 
II. APPEARANCE OF A CIRCULATING VASOCONSTRICTOR SUBSTANCE IN THE BLOOD 
ON ASSUMING THE EREctT PosItrioNn 
James L. Camp, III, M_D.* 
CHARLOTTESVILLE, VA. 


HE changes in urinary flow and composition which occur when a normal 
subject assumes the erect position from the horizontal have been the sub- 
ject of much investigation. (A simple method by which these changes in 
water and salt excretion can be displayed has been reported.') There is good 
evidence that the decrease in water excretion on quiet standing is mediated 
through the neurohypophysis by release of antidiuretic hormone.’’ The cause 


of the decrease in renal sodium and chloride excretion on quiet standing is 
not known. Evidence has been presented that the adrenal cortex and pooling 
of blood in the lower extremities have little influence in the acute experiment.’ 


The decrease of water excretion and the decrease of sodium, potassium, and 
chloride excretion by the kidney on quiet standing appear to have a separate 
mechanism.? 

Nickel and associates? found that an infusion of /-norepinephrine (8 gamma 
per min.) results in a decrease in sodium and potassium exeretion. The de 
crease in sodium and potassium excretion is of the same magnitude that has been 
found when a subject stands quietly after being horizontal. Armin and Grant 
have evolved a method by which they are able to detect a vasoconstrictor sub 
stance in human blood in very low concentration with the same vasoconstrictor 
activity as epinephrine 0.01 yg per liter. 

The following study was undertaken to determine if there is a change in 
the vasoconstrictor activity of the blood at the same time that there is a decrease 
in sodium, potassium, and chloride exeretion when a normal subject assumes 
the ereet position from the horizontal. 


METHOD 


Three normal men, 19, 35, and 48 years of age, respectively, were used. The protocol 
for all 3 was essentially the same. The subject ate his usual diet on the days preceding 
the experiment. No smoking was allowed on the day of the experiment. The subject 
arrived at the laboratory after fasting overnight except for a glass of water on arising. 
On entering the laboratory he lay down on a comfortable couch and was kept quiet and 
warm and a polyethylene catheter was inserted into a suitable antecubital vein and a 
very slow (1 to 2 ml. per hour) infusion of normal saline was started through the catheter 


to assure its patency. The subject stood a moment and then passed all the urine he could; 
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the time was noted, and the specimen was discarded. Each time that a urine specimen 
was obtained the subject stood beside the couch momentarily and, as nearly as possible, 
emptied his bladder. He then drank 1.3 ml. of 0.2 per cent NaCl solution per pound of 
body weight. At 40 minutes, the first urine specimen was collected and the subject again 
drank the same amount of saline solution. At 80 minutes a second urine specimen was 
collected and the first blood sample was withdrawn, the subject then drank the same 
amount of saline solution, stood up, and remained quietly standing for the next 40 minutes. 
At 120 minutes (after 40 minutes of quiet standing) the third urine sample was collected, 
the second blood sample was withdrawn, the same amount of saline solution was ingested, 
and the subject lay down, At 160 minutes the fourth urine sample was collected, the same 
amount of saline solution was ingested, and the subject remained lying down. Two hun 
dred minutes after the start of the experiment the fifth urine sample was collected and the 
polyethylene catheter removed from the antecubital vein. The amount of normal saline 
infused by the venous catheter was noted. At no time during the experiment did the 
subject experience any discomfort from the venous catheter. The time schedule varied 
slightly, but these variations were noted and, as the urine specimens’ results are reported 
in milliliters per minute or milliequivalents per minute, it was felt that this was a per 


missible variation. Fig. 1 shows graphically the experiment as it was carried out. 
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Fig. 1 (jraphic representation of a typical experiment showing the simultaneous appear- 


ance on standing of antidiuresis (antisaluresis) and increased vasoconstrictor activity in the 
blood 





The blood samples were withdrawn (plasma separated and ultrafiltrated) and assayed 
for vasoconstrictor activity as described by Armin and Grant.s The urine samples were 
measured for volume and analyzed for content of sodium, potassium, and chloride. The 
amount of sodium and potassium was determined by the standard internal flame photometer 
method; the chlorides were determined by the Conway* method. 

*l am indebted to J. Armin and R, T. Grant for the plasma assay and their help with 


these experiments I am also indebted to Dr. Brian Macardle of the Medical Research Council 
for the chemical determinations. 
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RESULTS 

The urinary volume and sodium, potassium, and chloride exeretion for 

each of the 3 subjects’ specimens are shown in Table I. These results reveal 

that each of the subjects had a marked decrease in his urine flow after stand 


ing. There was also a definite decrease in the sodium, potassium, and chloride 
excretion. 


TABLE [, EFFrectT OF QUIET STANDING ON THE EXCRETION OF WATER AND ELECTROLYTES 


VOLUMI | 
TOTAI (ML. Na (mEq. /Cl (mEq./|K (mEq. 

SUBJECT POSITION VOLUME MIN. ) MIN. ) MIN, ) MIN.) 
H. E. H. Lying 55 1.39 0.11 0.121 0.173 
normal Lying : 240 5.71 0.08 0.088 0.142 
man Standing 3 75 1.§ 0.05 0.042 0.074 
age 48 Lying 65 1.63 0.05 0.040 0.070 
Lying 255 6.39 0.10 0.059 0.097 

J. ZL. Lying 195 8 0,10 0.112 0.074 
normal Lying 5: 405 Bf 0.09 O.111 0.138 
man Standing 57 A 0.02 0.050 0.099 
age 3: Lying 28 7 0.02 0.011 0.070 
Lying 295 7.37 0.086 0.290 0.127 


D. A. N. Lying 135 3.: 0.16 0.185 0.139 
normal Lying 370 05 0.16 0.181 0.147 
man Stand 3: 167 a 0.10 0.102 0.094 
age 19 Lying 18 Bs 0.08 0.071 0.051 

Lying 3s 320 f 0.15 0.101 0.098 


TABLE II, PLASMA ULTRAFILTRATE ASSAY 


SUBJECT POSITION TIMI FILTRATE VASOCONSTRICTOR ACTIVITY 
H. E. H. Lying (80 min.) Equivalent to normal saline; less 
than epinephrine 0.01 wg per liter 
Standing (40 min.) Between epinephrine 0.01 and 0.1 ag 
per liter 


Lying (90 min. Equivalent to normal saline; less 
than epinephrine 0.01 wg per liter 

Standing (40 min.) 3: Equivalent to epinephrine 0.1 yg 
per liter 


Lying (86 min. Equivalent to normal saline; less 
than epinephrine 0.01 wg per liter 

ig (35 min.) 121 Slightly greater activity than 
epinephrine 0.01 wg per liter 


Standir 


This table gives the data showing the appearance of a circulating vasoconstrictor sub 
stance when a normal subject assumes the erect position from the horizontal. The 
was kindly done by Armin and Grant 


assay 


The first blood sample withdrawn, while the subject was lying horizontally 
and quietly, revealed no detectable vasoconstrictor activity (less than the 
epinephrine 0.01 yg per liter) ; the second blood specimen, withdrawn after 40 
minutes of quiet standing, revealed a vasoconstrictor activity of the magnitude 
shown between an epinephrine equivalent of 0.01 and 0.1 yg per liter. These 
data are shown in Table IT. 


DISCUSSION 


We have shown that when a normal subject assumes the erect position 
from the horizontal, there is a decrease in the renal excretion of water, sodium, 
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potassium, and chloride. At the same time, detectable vasoconstrictor activity 
(substance unknown) in the subject’s circulating blood appears. In other 
conditions reported in which there is a proportionately greater decrease in 
renal blood flow than in glomerular filtration rate, with a resulting rise in the 


filtration fraction, there is a decrease in the exeretion of sodium by the kid- 


ney.”® Niekel and associates showed this to be true in their l-norepinephrine 
infusion experiments. If a vasoconstrictor substance like /-norepinephrine can 
initiate a decrease in sodium and potassium exeretion by causing a relative 
ischemia of the renal tubules, the decrease in sodium, chloride, and potassium 
exeretion on quiet standing might be due to the appearance of a vasocon- 
strictor substance in the blood. That this vasoconstrictor substance might be 
/-norepinephrine is suggested by the findings of Von Euler and co-workers.’ 


They found that normal subjects, placed on a tilting table at an angle of 75 
degrees for 3 or 4 hours, show a considerable inerease in the urinary output 
of norepinephrine in comparison with the corresponding excretion in the reeum- 
bent position, 


SUMMARY 


It has been found that vasoconstrictor activity appears in the circulating 
blood on assuming the upright position from the recumbent. The hypothesis 
is formulated that this vasoconstrictor activity in the blood might be, through 
changes in renal blood flow, the cause of the deerease in renal exeretion of 
sodium, potassium, and chloride which occurs on quiet standing. The experi- 
ments of Von Euler are discussed as evidence that this vasoconstrictor sub- 
stance might be norepinephrine. 
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WHOLE BLOOD RIBOFLAVIN LEVELS IN HEALTHY INDIVIDUALS 
AND IN PATIENTS MANIFESTING VARIOUS BLOOD DYSCRASIAS 
Morton D. Pracer, Pu.D., Josepu M. Hitt, M.D., Ropert J. Speer, Pu.D., AaNnpb 
MARGARET GoERNER, M.S. 

DALLAS, TEXAS 


INCE the introduction of the microbiologic assay for riboflavin in 1939 by 
Snell and Strong,’ it has been utilized for the measurement of this vitamin 
in a multitude of biologie specimens. At the present time, however, there is no 
substantial agreement among authors concerning the concentration of riboflavin 
in human blood samples. This diserepaney may be attributed to the differences 
in the techniques which have been employed for measurement. The earl) 
workers” * applied microbiologie assay of riboflavin to blood and used hemolyzed 
whole blood samples. The limitations of utilizing this method without an ex 
traction prior to assay have been clearly pointed out by Bradford and Coke.‘ 
The values obtained by these latter workers for a series of 8 normal individ 
uals had a mean of 21.2 pe per cent, which is roughly half that found by the 
earlier investigators. Using a fluorometric method of analysis, other workers 
have reported mean riboflavin levels of 5.7, 6.7, and 12.2 pg per cent. These 
values are all lower than those obtained using the microbiologie assay method. 
The lack of agreement concerning whole blood riboflavin levels has led us 
to reinvestigate its measurement microbiologically with Lactobacillus casei. It 
is well documented that microbiologic measurement reflects total riboflavin, as 
the bacteria respond in an equivalent manner to the free vitamin and to its eo- 
enzymes, riboflavin phosphate (EF MN) and flavin-adenine dinucleotide (FAD). 
Throughout this paper our expression of riboflavin concentration is in the sense 
of this total active material. With a modification of the method of Bradford and 
Coke,* 70 normal bloods have been studied. The results of these determinations 


together with an analysis of some of the factors influencing riboflavin eoncen- 


tration in blood are presented. Included in this report are studies on patients 


with leukemia, anemia, and other hematologic disorders. 


METHODS 


Oxalated samples of venous blood are drawn and are refrigerated in brown bottles 


prior to assay. Samples could be stored in this manner for 14 to 17 days without significant 
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variation in the observed riboflavin level, but beyond 20 days the reproducibility on su 
cessive determinations was decreased, In the data presented here no sample was stored for 
more than 12 days prior to assay. 

The assay procedure is a modification of that deseribed by Bradford and Coke.‘ 
One milliliter of whole blood is mixed with 4 ml. of 0.1 N HCl in a 16 by 150 mm. test tube 
The tubes are stoppered with cotton plugs and autoclaved at 15 pounds steam pressure (121 
©.) for 15 minutes. This mixture is cooled to room temperature and then neutralized with 
1 N NaOH (0.4 ml). The pH is adjusted to 4.5 with approximately 5 drops of 2 N acetie 
acid (narrow range pH paper). The tubes are centrifuged at 800 g for 20 minutes, and 
the supernatant is decanted into a small beaker. The precipitate is resuspended twice in 
1 ml. of water pH 4.5), and centrifugation is repeated. The combined supernatants are 
adjusted to pH 6.7 (point of heaviest precipitation) with 1 N NaOH and then filtered 
through Whatman No, 42 paper into 10 ml. volumetric flasks. The beakers and the filter 
papers are washed with small portions of water (pH 6.7), and the filtrates are diluted to 
volume 

Bacterimetry is conducted by established procedures’ using Difeo Riboflavin Assay 
Medium. To each of the assay tubes, 2 ml. of the extract is added. The tubes are set up 
in triplicate with one being reserved as an extract blank. With this procedure, the most 
useful set of standards is 0.000, 0.010, 0.015, 0.020, 0.030, 0.040, 0.050, 0.070, and 0.100 ug 
riboflavin per tube (10 ml.). An uninoculated medium blank is also included for control 
purposes. Each tube is mixed, stoppered, and autoclaved at 15 pounds pressure for 10 
minutes, 

After autoclaving, the tubes are allowed to cool to room temperature For convenience 
the tubes are most often placed in the refrigerator and inoculated the following morning 
Except for the extract and medium blanks, the tubes are inoculated with a saline suspension 
of Lactobacillus casei and are ineubated at 37° C. for 72 hours. Using a Beckman pH meter, 
the acid produced is titrated with approximately 0.045 N NaOH to pH 6.7. The contents 
of the tubes along with a 10 ml. wash are agitated with a magnetic stirrer during titration. 
The standard curve is obtained by a plot of the milliliters of NaOH vs. log concentration 
of riboflavin per unit volume. The titration for each assay tube is corrected by the blank 
values, read from the standard curve, and calculated to ag per cent riboflavin using a suitable 
dilution factor. 

When riboflavin was added to whole blood just prior to extraction or to the extracts 


prior to assay, it was quantitatively recovered by the technique just deseribed In ag 


ree 
ment with the findings of others®-11 incorporation of an ether extraction into the procedure 


in addition to filtration did not alter the values obtained and was not routinely used, 


This method has largely obviated the dis repancy between values obtained with differ 


ent sample sizes; e.g., no significant difference was found in the riboflavin concentration 


of a blood sample when assaying 0.2 ml. of blood (2.0 ml. of extract) as compared to 0.3 


ml. of blood (3.0 ml. of extract), <A slight bias in favor of elevated values was introduced, 
however, by going to still smaller samples. From a seatter diagram and a least squares plot, 
an empirical relationship has been derived, equating the value expected from assay of 0.1 


ml. (Y) and 0.2 ml. (X) of blood: Y ae ak 2.0, 


RESULTS 
The 70 normal individuals used in this study were healthy laboratory work 
ers and blood bank donors, and the results of whole blood riboflavin assays on 
these individuals were analyzed for differences that could be attributed to the 
age of the donor, the sex of the donor, or the number of hours fasting (Table 
1). No signifieant differences were found when the group was subdivided with 
respect to age or sex. However, the mean for the group that had been fasting 


less than 8 hours was found to be slightly elevated as compared to the group 
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that had been fasting over 8 hours; although the difference was small, it was 
found to be statistically significant at the 5 per cent probability level (t 1.958; 
df. 35: P 0.05). 


TABLE I, Factors ANALYZED FOR Errect ON WHOLE BLOop RIBOFLAVIN LEVEL IN NORMAI 
INDIVIDUALS 


pG RIBOFLAVIN/100 ML, BLOOD 

CLASSIFICATION NO. OF INDIVIDUALS MEAN STANDARD ERROR 
Age 

18-29 26 15.6 56 

30-39 26 17. 65 

40-52 17 16.$ SS 
Race 

Negro 2 19.3 

white 7 16.7 
Sex 

female 15.7 

male 5 16.4 
Hours fasting 

<8 : 17. 


>s 4 15. 


Total 70 16. 


TABLE II. WHOLE BLoop RiporLAvin LEVELS IN LEUKEMIC PATIENTS BEFORE INSTITUTION 
oF THERAPY 
#G RIBOFLAVIN / 100 


NO. OF NO. PATIENTS WITH ML. BLOOD 
DIAGNOSIS PATIENTS | ELEVATED RIBOFLAVIN“ MEAN . sh Pt 


Normal 13 l 17.4 0.51 
All leukemics 34 24.5 2.87 < 0.01 
Acute 
lymphocytic ‘ : 20, 2.02 0.05 
myelocytic § y 35. 14.70 <0.01 
monocytic { 9. 2.17 0.20-0.30 
Chronic 
lymphocytic 7 20.5 4.32 0.10-0.20 
myelocytic 7 6.95 <0.01 


*That is, 24.0 we per cent; compare with Fig. 1 
- PO gp re Sat tx observed deviation of the mean from that for the normal group could 

Sixty-five patients with the following hematologie disorders were studied 
leukemia, anemia, polycythemia vera, idiopathic thromboeytopenie purpura, 
Hodgkin’s disease, multiple myeloma, and lupus erythematosis. The majority 
of these, however, were patients with either leukemia or anemia. No abnormali 
ties of whole blood riboflavin coneentration were found in any of the pathologie 
groups except among untreated leukemic patients. The distribution of values 
for the latter as compared to the distribution for the normal individuals is 
presented in Fig. 1. The feature of interest to be observed is that 30 per cent 
of the leukemie patients exhibit riboflavin levels higher than 24 vg per cent 
which, with the exception of one individual, is the upper limit observed in the 
normal series. Further subdividing the patients with leukemia aeeording to 


differential diagnosis, it was noted that the elevated values were manifest pri 


marily in the acute and chronie myeloeytie forms of the disease. The devia- 


tions of the means for these two groups from the mean for the normals are seen 
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hy reference to Table II to be significantly different at the 1 per cent probability 
level. These comparisons were made with the group of normal individuals fast 
ing less than 8 hours, as they correspond most closely to the fasting state of 
the patients. It is to be noted that 50 per cent of the patients with myelocytic 
leukemia showed elevated riboflavin values, ranging for the most part from 30 
to 45 pe per cent. One patient with the chronie condition, however, had a 
riboflavin level of 65 pg per cent; the level for one with the acute form was 


93 we per cent. 
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Distribution of riboflavin levels in the blood of normal and leukemic individuals 


TABLE III, Time Lapse ror GivEN CHANGES IN BLoop RisporLAvIN LEVEL FOLLOWING 
INTRAVENOUS INJECTION 


\ TIME 
CONCENTRATION NORMAI LEUKEMI¢ 
(uG/100 ML, » @ M. M 
50-40 } 
40-30 10 10 


30-20 32 32 


*Received riboflavin phosphate; others received free riboflavin 
fAcute monocytic leukemia 
tAcute lymphocytic leukemia 
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The rate of disappearance of riboflavin activity from peripheral blood fol- 
lowing intravenous injection of 25 to 50 mg. was determined for 2 normal 
and 2 leukemic individuals. In Table III the time required for given changes 
in concentration is recorded. It is interesting that patient B. H., who exhibited 
a low removal rate, also had an inereased initial riboflavin level (25.5 pg per 
cent). 

DISCUSSION 

The values reported here for riboflavin activity in normal whole blood are 
smaller than those found by Bradford and Coke.*| The mean values for the 
two series of normal individuals are 15.9 and 21.2 pg per cent. Two variations 
in procedure may account for the observed differences. The standard curve 
which has been used in this study has a larger number od standards in the range 
of lower riboflavin concentrations, and it is believed to have given increased 
control over the assay. More importantly, perhaps, has been the inclusion, as 
a means of removing fatty substances, of a filtration step in the extraction pro- 
cedure. As pointed out by others,*"! fatty acids may interfere with the micro 
biologie determination of riboflavin because of their effect in stimulating the 
growth of Lactobacilli at low concentrations and inhibiting their growth at 
elevated concentrations. 

Fluorometrie determination of riboflavin in blood has given uniformly lower 
values than have been found microbiologically. Burch, Bessey, and Lowry,’ 
using a direct fluorometric determination on blood extracts, report a value of 
12.2 ng per cent. Kerppola,® applying the method of Fujita and Matsuura® in 
which riboflavin is converted by photolysis to lumiflavin, found a mean riboflavin 
concentration of 6.7 »g per cent for 60 normal individuals. His highest value 
of 10.4 pg per cent is lower than the lowest value (11.0 pg per cent) in our 
own normal series. Further work must yet be conducted to resolve the differ- 
ences obtained by the two assay methods. 

Of the hematologic disorders studied, only the group of untreated cases 
of leukemia showed any abnormality. Within this group the elevation was 
most marked in the myeloeytie form of the disease. Kerppola® also found an 


increase in myelocytic leukemia (mean 13.9 ng per cent). Despite the dif- 


ferences in absolute values in his series as compared to our own, it is significant 
that both methods lead to the same conclusion. It may be worth noting that 
in studies on serum, it is also in patients with myelocytic leukemia that another 
of the B vitamins, namely vitamin B,., has been found elevated.'® '™ 

Statistical analysis has revealed poor correlation between whole blood ribo- 
flavin activity and either erythrocyte or leukocyte count (correlation coefficient, 
r, 0.383 and 0.291, respectively). The one exceptional condition in which 
a high degree of correlation has been observed is for those bloods in which the 
leukoeyte count exceeds 100,000 (r 0.935: t 5.870: d.f. — 5; P< 0.01). 

Although riboflavin disappearance rates have been determined for only a 
small group of individuals, one is tempted to speculate on the possible significance 
of the data (Table III). It is probably fortuitous that the rates for the two 
normal individuals were identical, but, as one received riboflavin and the other 
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riboflavin phosphate, it 


may indicate that the free vitamin and the coenzyme 
are disposed of similarly following intravenous injection, That patient B. H. 
showed a reduced disappearance rate coupled with an elevated blood level may 


point to an abnormal process affecting this vitamin. 


SUMMARY 


Several improvements in the microbiologic assay of riboflavin in human 


whole blood are presented. A mean riboflavin coneentration 


of 15.9 pe per 
cent was found for a series of 70 normal individuals. 


No variation with respect 
to age or sex was observed, although a small but significant variation with ré 
spect to fasting state was noted 


In a variety of hematologie disorders studied, 
abnormalities were found only among patients with untreated leukemia. 


’ 
aif 


Ribo 
flavin concentration correlates with white cell count only when it becomes 100,000 
or greater. 


vations were noted particularly in the mycloeytie form of the disease. 


The rates of disappearance of riboflavin from the blood following 
intravenous injection have been determined for two normal and two leukemic 
individuals 
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THE TURNOVER OF FLUID IN THE DOG’S PLEURAL CAVITY 
P. B. Stewart, D.F.C., M.B., M.R.C.P.,* anp A. S. V. BurGen, M.B., M.R.C.P. 
MONTREAL, CANADA 


INTRODUCTION 


~~ Recklinghausen’ and Dybkowsky*® considered the serous cavities as 
part of the lymphatic system and the absorption of fluid from these cavi- 
ties as occurring into the serosal lymph vessels. Dybkowsky also recognized 
that respiratory movements might provide the force needed to move fluids in 
the pleural lymphaties. This theory of lymphatic absorption was disputed by 
Starling and Tubby,’ who found that hypotonie solutions of sodium chloride, 
glucose, and low molecular weight dyes such as methylene blue and indigo 
carmine were rapidly removed directly into the blood stream. Later, Leathes 
and Starling* concluded that the rates of absorption of various substances 
from the pleural cavity could be understood satisfactorily if the pleural mem- 
branes were a size-selective barrier controlling entry into the circulation along 
diffusional or osmotie gradients. The relative rates of removal of substances 
from the pleural cavity would thus be due to the ease with which they could 
penetrate the membrane. Leathes and Starling conceded that the lymphaties 
might play a part in the removal of isotonic fluid from the pleural cavity but 
offered no proof of this. 

Courtice and Simmonds® re-examined the whole question of lymphatic 
absorption from the pleural cavity by introducing fluid containing a protein 
antigenically distinguishable from the animal’s own protein or a_ protein 
labeled with the dye T1824. They showed that in the eat, labeled protein was 
removed mainly or wholly by the lymphatics. When the right lymph duct 
and the thoracic duet were cannulated, no dye reached the cireulation; fur- 
ther, the dye that left the pleural cavity could be accounted for in the lymph 
in these channels. Courtice and Simmonds® emphasized in a later review that 
the failure to distinguish between the movement of small molecules directly 
into the blood stream through the pleural capillaries, and the bulk transfer 
of large molecules, such as protein, solely by the pleural lymphatics had led 
to erroneous estimates of the rates of absorption from the pleural cavity. 

Starling and Tubby® showed that hypertonic solutions of glucose or saline 
placed in the pleural cavity consistently led to large inereases in the volume 
of pleural fluid. Pinner and Moerke’ found in rabbits that the normal pleura 


was permeable in either direction to many of the constituents of the blood. 
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TURNOVER OF FLUID IN PLEURAL CAVITY OF DOG 


The present work is an attempt to study quantitatively the factors re- 
sponsible for the movement of fluid, solutes, and cells into and out of the 
pleural cavity. 

METHODS 


Collection of Stored Serum.—When stored serum was required the dog was bled inte 
250 mil. glass centrifuge buckets, the blood defibrinated with a glass rod and centrifuged. 
The serum was separated, Seitz-filtered, and stored at 4° C. for periods up to 3 weeks before 


being used, 

Para-aminohippurate Estimation.—This was estimated by the method of Smith and as 
sociatess and read at 540 mip. 

Protein Estimation.—Total protein was measured by the biuret method of Robinson 
and Hogden.® Samples containing T1824 needed decolorization. In this case after the 
} per cent NaOH had been added to the sample, about 50 mg. of Raney nic kel-aluminum 
alloy was also added; the sample was left at room temperature for at least 3 hours for 
the catalytic hydrogenation of the T1824 to proceed to completion. The solution was then 


filtered, and CuSO, solution added to an aliquot. The absorption was read at 560 mg. 


Intrapleural Pressure Measurements.—The intrapleural catheter was connected to a 
Sanborn electromanometer and the pressures recorded on a Viso-Cardiette. The pressures 
were measured with the dogs prone, and the zero reference level was taken to be midway 


between sternum and spine, Care was taken that no bubbles remained in the system. 


RESULTS 


Fluid Movement After Intrapleural Injection of Fresh Heparinized Plasma 
in Dogs at Rest.—Using the method previously deseribed'® the turnover of fluid 


in the dog’s pleural space was measured. Fig. 1 shows the results of a typical 


experiment in an anesthetized dog at rest. The lymphatic removal averaged 


0.62 mL./Kg. hr. and the nonlymphatie fluid entry was 0.55 ml./Kg. hr. Table 


| shows the results obtained in 5 similar experiments. The lymphatic flow 


TABLE I, AVERAGE RATES oF FLOW or FLUID INTO AND OvuT OF THE PLEURAL CAVITY OF 
RESTING UNANESTHETIZED Dogs AFTER INJECTION OF FRESH HEPARINIZED PLASMA 


RATE OF 
CHANGE IN AVERAGI 
LYMPHATIC NONLYMPHATKL VOLUME OF VOLUME OF 
FLOW FLOW PLEURAL FLUID | PLEURAL FLUID 
EXPERIMENT | WEIGHT OF DOG ML./KG,. HR, ML./KG. HR. ML./KG. HR ML./KG 
19.1 0.65 0.54 0.11 1 
15.9 60 0.60 0.00 l 
15.9 79 0.47 0.32 
16.8 48 0.42 0.06 5.5 
14.5 35 0.33 0.02 
Mean 16.4 57 0.47 0.10 
Standard error of mean O82 *0.053 +0.065 


2.1 
l 


averaged 0.57 + 0.082 (S.E. of mean) ml./Kg. hr., and the extralymphatie flow, 
which in every case was from the blood to pleural fluid, averaged 0.47 + 0.053 
(S.E. of mean) ml./Kg. hr. Thus, there was a net fall in pleural fluid volume 
of 0.10 mL./Kg. hr. equivalent to 48 ml./24 hr. for a 20 kilogram dog. How- 
ever, there was rarely any fluid left 24 hours after the beginning of the ex- 


periments. In some cases the rate of fluid entry deelined after several hours. 
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This would lead to a speeding up of the net rate of removal. In addition, the 
dogs were very quiet during the experiment and tended to compensate for 
their boredom by intense activity when returned to the animal house. It will 
be shown later that activity accelerates the lymphatic flow. These two factors 
may account for the disappearance of most of the fluid during the night. 
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flow in an unanesthetized dog at rest 


Fig. 1 Lymphatic and nonlymphatic 
avi AVNI 
Key: @ % lymphatic flow ( M ) ~=-- nonlymphatie flow ( 7 ) 
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pleural cavity 
hours reaching 


Resting unanesthetized dog, 20.2 kilograms, 
stored serum was injected into the right 
was present for the first 4 


Fig. 2 
flow At zero time 140 mil. of 
high rate of fluid entry into the pleural cavity 
a peak of 2.25 ml./Kg. hr. in the third hour. 

Key e 6 lymphatic flow ; -<-+- 
hr abscissas time in hours. 


nonlymphatic flow; ordinates ml./Ke 


When these experiments were started it was not appreciated that it was 
important to use fresh plasma collected without contact with water-wettable 
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surfaces, In these early experiments plasma or serum was stored for days or 
weeks before use. Almost invariably this resulted in a high rate of fluid entry 
into the pleural cavity for several hours. The experiment illustrated in Fig. 
2 shows the effect of injecting into the pleural cavity 140 ml. of serum stored 
at 4° ©, for 4 weeks. The rate of fluid entry reached a peak of 2.25 ml./Kg. 
hr. at 244 hours and even after 8 hours the rate of entry exceeded the lym- 
phatie flow, and thus the volume of pleural fluid was still increasing. The 
injection of stored serum intrapleurally affected only the transfer of extra- 
lymphatie fluid and not the lymphatie flow. In more than half the experi 
ments there was an inerease in the volume of pleural fluid due to the initial 
high rate of fluid entry. 
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Fig. 3.—Resting unanesthetized dog, 15.9 kilograms One hundred and twenty milliliters 
of fresh heparinized plasma labeled with I™ albumin injected into the right pleural cavity 


it zero time. At the point indicated by the arrow, 20 mil. of stored serum was injected into 
the pleural cavity. A large nonlymphatic flow of 0.5 to 3.2 ml./Ke. hr. occurred 


Key a 6 lymphatic flow; nonlymphatic flow; ordinates 
ml./Kge. hr.; abscissas time in hours 

Stored serum could produce a similar increase in fluid entry if introdueed 
in the course of an experiment initiated with fresh heparinized plasma (Fig. 
3). In this ease, 20 ml. of serum that had been stored for 6 weeks at 4° C. 
was injected intrapleurally after a control period of 684, hours. The fluid 
entry increased from 0.3 ml./Kg. hr. to 3.2 ml./Kg. hr., and in this experiment 
there was also a small increase in lymphatie flow. 

Courtice and Simmonds® had noticed a similar effect of injecting homolo- 
gous serum or plasma into the rabbit’s pleural cavity, and found that this 
effect could be reduced or eliminated by storage of the serum for 4 weeks. 
This was not the case with dog serum and indeed the effeet beeame more pro- 
nounced with storage up to 6 weeks. A number of drugs (pyranisamine, chlor- 


prophenpyridamine, adrenalin, 5-hydroxytryptamine, lysergie diethylamide 
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[LSD], procaine, and lignocaine) were tried either locally or systemically to 
see if they would antagonize the effect of stored serum on the fluid entry, but 
without success. 


> 


mi/kg/hr 
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Fig. 4 Resting unanesthetized dog, 16.5 kilograms. The effect of intrapleural injection 
of histamine One-hundred and fifty milliliters of fresh heparinized plasma was injected into 
the pleural cavity and after a control period of 3 hours, 18 sg of histamine was injected into 
the pleural fluid; this was followed by a similar dose 30 minutes later as indicated by the 
arrows \ large increase in nonlymphatic flow movement occurred reaching a peak of 7.6 
ml./Kg. hr. in the first 30 min. The pleural fluid volume increased by 6.1 ml./Ke. in the 
first hour, 


Key e ° lymphatic flow ; ~+-- nonlymphatic flow; ordinates ml./Ke 
hr. ; abscissas time in hours 


Histamine and Histamine Liberators.—Effects similar to those obtained 
with stored serum were found when small doses of histamine were injected 
into the pleural cavity. In Fig. 4 the injection of two doses of 18 pe of hista- 
mine inereased the fluid entry tenfold from 0.7 ml./Kg. hr. to 7.6 ml./Kg. hr., 
and over a period of one hour the volume of pleural fluid increased by 100 ml. 
There was also a moderate increase in the lymphatic flow. An effect similar 
in character was produced by the histamine-liberating drugs diaminodeeane, 
48/80, and dihydroergotamine when injected into the pleural eavity. The 
effects of both histamine and histamine liberators were completely abolished 


by small doses of pyranisamine given intrapleurally (0.5 mg.) or intravenously 


Tsotonic Saline in the Pleural Cavity.—After the injection of 10 to 15 
ml./Kg. of 0.9 per cent NaCl, to which had been added trace amounts of iodi- 
nated bovine albumin or T1824 (with or without 500 mg. of bovine albumin 
as a earrier for the dye), two basic types of response were seen. Seventeen 
dogs were studied; in 12 of the dogs used, the extralymphatie flow was small 
but in the direction of blood to pleural cavity. In a typical example, the 
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extralymphatie flow was only 0.12 ml./Kg. hr. In two experiments the extra- 
lymphatie flow was reversed so that fluid was being removed directly into the 
blood stream at a maximum rate of 0.1 ml./Kg. hr. 

The less common response, seen in 3 dogs, is illustrated in Fig. 5. In this 
experiment there was initially a small fluid entry which gradually built up to 
a peak after 414 hours at which time the fluid entry was 2.65 ml./Kg. hr. The 
effect gradually declined but had not entirely disappeared & hours after the 
start of the experiment, and, as the rate of fluid entry was still higher than 
the lymphatic flow, the volume of pleural fluid was still increasing. 
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Fig. 5 Resting unanesthetized dog, 24.1 kilograms One hundred and fifty milliliters of 
0.9 per cent NaCl containing 38.64 mg. T1824 was injected into the right pleural cavity. 
Initially there was a small nonlymphatic flow which increased to a maximum of 2.65 ml./Kg 
hr, at 4% hours and then gradually declined 


Key: @—-——®@ lymphatic flow ; 


--- nonlymphatic flow ; ordinates milliliters 
per kilogram hour ibscissas time in hours 


The lymphatie flow in both groups of dogs after injecting isotonic saline 
into the pleural cavity was 0.49 + 0.09 (S.E. of mean) ml./Kg. hr. which was 
not significantly different from the lymphatic flow in the dogs in which fresh 
heparinized plasma had been used. 

It was also found that only small amounts of protein entered the pleural 
cavity in the first type of response in which there was a small rate of fluid 
entry after the injection of isotonic saline. On the average the rate of protein 
entry was 20.0 mg./Kg. hr. This was very similar to the rate of protein entry 
when fresh heparinized plasma has been injected into the pleural cavity. In 
the second type of response to the injection of isotonic saline in the pleural 
cavity, however, the protein entered about 5 times as rapidly, and in the 3 
experiments the mean rate of protein entry was 98 mg./Kg. hr. at its peak. 

The two types of response can be correlated with the rate of loss of intra- 


venous label from the blood plasma. This rate of loss of protein from the 
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plasma into the extravascular space is a measure of total capillary perme 
ability to protein and is constant in any individual dog studied at different 
times with or without an injection of fluid into the pleural cavity. This has 
also been the experience of Price and Longmore."' In the present experiments, 
when intrapleural injection of isotonic saline resulted in a large extralym- 
phatie flow into the pleural cavity and a high rate of entry of protein, the loss 
of albumin from the blood was rapid (mean: 10.8 per cent of the circulating 
albumin per hour); when only a small extralymphatie flow resulted, the rate 


of loss of albumin from the blood was smaller (mean: 5.9 per cent per hour). 
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Fig. 6.—Resting unanesthetized dog, 16.8 kilograms, Fresh heparinized plasma, 247 mil., 
labeled with I albumin was injected into the right pleural cavity. Effect of hyperventilation 


due to inhalation of 7 per cent CO The period of inhalation is indicated by the arrows 
There was a considerable increase in lymphatic flow during the period of hyperventilation 
The lymphatic flow remained elevated above the control level after the cessation of hyper 
ventilation 


Key: @—-—@® lymphatic flow ; 


) --- nonlymphatic flow ; ordinates milliliters 
per kilogram hour; abscissas time in hours. 


Effect of Changed Respiratory Activity.—In all 11 dogs studied, hyper 
ventilation induced by the administration of 3 to 7 per cent CO, in air pro 
duced a considerable inerease in the lymphatic flow without effect on the 
extralymphatie fluid movement. In the experiment illustrated in Fig. 6, the 
inhalation of 7 per cent CO, in air increased the lymphatie flow from 0.5 
ml./Kg. hr. to 2.1 ml./Kg. hr. When the dog again breathed room air the 
lymphatic flow remained elevated above the control level. This persistence 
of an elevated lymphatie flow after removal of the exciting cause has been 
found in other experiments in which an inereased lymphatie flow occurred. 

The lymphatic flow was reduced by depression of the respiratory rate 
with anesthesia. Light pentobarbitone anesthesia depressed the lymphatic 
flow in 3 dogs from 0.63 ml./Kg. hr. to 0.29 ml./Kg. hr. In dogs anesthetized 
from the start of the experiment the mean rate was as low as 0.13 ml./Kg. hr. 
The significanee of this difference is discussed later. Anesthesia also de 
pressed, and in one experiment stopped, the extralymphatie flow. 
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The Effect of Changes in Intrapleural Pressure.—Sinee the movement of 
fluid across the pleural capillaries must be dependent on hydrostatic pressure 
gradients, it would be expected that the intrapleural pressure would have an 
important influence on the extralymphatie fluid movement. This is borne out 
in the experiment illustrated in Fig. 7. In this experiment stored serum had 
been injected into the pleural cavity 16 hours previously, and the label (T1824) 
was added at zero time. After a control period of 314 hours the extralym- 
phatie fluid entry was steady at 0.8 ml./Kg. hr., and the intrapleural pressure 
was —3.5 em. H,O (referred to atmospheric pressure). The mean intrapleural 
pressure was raised to +2 em. H,O by the injection of an extra 320 ml. of 
stored serum. The intrapleural pressure gradually decreased over the next 
t1, hours to -3.5 em. HO. The extralymphatie fluid entry from the blood 
into the pleural cavity ceased when the intrapleural pressure became positive. 
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Fig. 7 Resting unanesthetized dog, 22.3 kilograms. One hundred and fifty milliliters of 
stored serum was injected into the pleural cavity 17 hours before the start of the experiment 
Sixty-five milligrams of T1824 was injected at zero time The pleural volume at this time 
was 128 ml During the period indicated by the cross-hatched block a further 320 ml. of 
stored serum was injected, raising the intrapleural pressure from -3.5 cm. H2O to +2 em. H:O 
The nonlymphatic flow ceased and gradually returned as the negative intrapleural pressure 
was re-established There was some increase in lymphatic flow 


Key: © e@ lymphatic flow ; ---- nonlymphatic flow; ordinates milliliters 
per kilogram hour; lower abscissa time in hours; upper abscissa intrapleural pressure 
em. HsO 


As the negative pressure became re-established, the rate of fluid entry in- 
creased until at 744 hours it had almost returned to the initial rate. There 
was maintained increase in the lymphatic flow following the injection of se- 
rum, probably due to the inereased respiratory effort secondary to collapse 
of the lung. 

A decrease in intrapleural pressure was produced by negative pressure 
breathing in anesthetized dogs. In the experiment illustrated in Fig. 8 the 
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mean intratracheal pressure was reduced to -10 em. H,O, leading to a fall 
in the mean intrapleural pressure from —5 em. to -16 em. H,O. The rate of 
fluid entry into the pleural cavity was doubled. This rate fell immediately 
when the intratracheal and intrapleural pressures were restored to normal. 

Initially in this experiment the lymphatic flow was low due to the effeets 
of anesthesia. During the period of negative pressure breathing a marked 
increase in lymphatic flow accompanied the increase in rate and depth of 
respiration. 
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Fig. 8 \ dog weighing 20 Ke. was anesthetized with 50 me. pentobarbitone per kilo 
gram of weight Two hundred and fifty-five milliliters of plasma labeled with I albumin 
was injected into the pleural cavity For the time between 3% and 5% hours, as shown by 
the cross-hatched area, the animal's trachea was connected to a negative pressure system 
which caused a fall of mean intrapleural pressure from > em. HeO Both lymphatic and 
nonlymphatic flows were increased 


Key e °° lymphatic flow ; i nonlymphatiec flow ; ordinates milliliters 
per kilogram hour; lower abscissa time in hours; upper abscissa intrapleural pressure 
in em, HO 


The Removal of Low Molecular Weight Substances From the Pleural 
Cavity.—During the course of an experiment in a resting dog into which either 
serum or fresh plasma had been injeeted intrapleurally, p-aminohippurate or 
tracer amounts of Na** as Na®Cl was injected into the fluid present in the 
pleural cavity. It was found that the concentrations of these substances fell 
exponentially with time. In one experiment with Na* in a dog weighing 19.5 
kilograms, the exponential rate constant was 1.46/hr.; the mean volume of 
pleural fluid during this time was 480 ml., and henee the clearance rate was 
700 ml. plasma per hour (i.e., 480 x 1.46). Assuming that no appreciable 


amount of Na** penetrates the erythrocytes, this gives a whole blood clearance 
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of 71 ml./Kg. hr. in this dog. In another experiment when  p-aminohip- 
purate was used, the rate constant was 1.14/hr., and the plasma clearance 230 
ml./hr. The whole blood clearance was 29 ml Ke. hr. 

It had been found previously’? that when the pleural fluid was made hy- 
pertonic by the injection of econeentrated NaCl solution, water entered the 
pleural cavity at a rate corresponding to a clearance of water from the blood 
of 81 ml./Kg. hr. (exponential rate constant 4.2/hr 

The similar magnitude of the transfer rates of Na** and water suggest 
that they were limited primarily by the pleural blood flow. We ean thus set 
a lower limit for the pleural blood flow of 70 to 80 ml./Kg. hr. The normal 
fluid entry at rest represents less than 1 per cent of the volume of blood that 
traverses the pleural vessels, and at the maximum rate of entry it may reach 
10 per cent of the pleural blood flow. 

The slower disposal of p aminohippurate is presumably due to this, being 
in part limited, not by blood flow, but by restricted diffusion through the 
tissues. 

The rapidity with which small molecules are removed from pleural fluid 
makes it clear that they are absorbed directly into the pleural cireulation and, 


unlike the proteins, are not limited by the rate of lymphatie drainage. 
The Protein and Cell Concentrations in Pleural Fluid. 


a. Naturally-occurring fluid: The amount of naturally-oecurring pleural 
fluid was determined by two methods. Six dogs were killed by intravenous 


Nembutal, and the chest was opened carefully to avoid contamination. The 


geometric mean of the volumes of fluid found was 1.3 ml. The other method 


was by calculation, noting the dilution of the injected label immediately after 


the intrapleural injection of a known volume of fluid. In 16 experiments 
where this was done the geometric mean of the amount of iaturally-oceurring 
fluid present was 2.7 ml. The difference between the two methods is pre- 
sumably due to the capillary layer of fluid moistening the pleural surfaces 
that cannot be removed by aspiration. 


TABLE II, NATURALLY OccURRING PL ‘LUID IN THE Dog 


VOL, OF FLUID PROTEIN CIRCULATING 
IN MI GM./100 PLASMA PROTEIN 
BOTH SIDES ML. W.B.C,/MM t.B.C,/MM, GM./100 ML. 


0.6 9. oO. 700 30,000 


0.3 a 2 200 30,000 


0.2 3.) 6.000 


a-1—1 


0.3 5 S50 150 


spss 


15.0 : 1.800 3,000 
Mean 1.3 
geometric mean 1.39% 2,820 6,300 
O.8-25 1,.330-6,020 1,090-36,300 


95% limits 95% limits 95% limits 


The protein coneentration of the naturally-oecurring pleural fluid obtained 
was 1.39 Gm./100 ml. (geometric mean), and the plasma protein concentration 
in these animals averaged 7.21 Gm./100 ml. (Table IL). The red cell count 


averaged 6,300 cells/mm.* and the white cells 2.820 ecells/mm.* The differential 
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count showed 28 per cent neutrophils, 56 per cent lymphoeytes, and, 16 per 

cent other cells, compared with 70 per cent neutrophils, 16 per cent lympho 
cytes, and 14 per cent other cells in the venous blood. 
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Fig. 9 Red and white blood cell counts in the pleural fluid after injection of fresh 

heparinized plasma or stored serum into the pleural cavity. Mean values of 8 experiments 

Key . . white blood cells after stored serum; © red blood cells 
after stored serum; (©) - - --<(@ white blood cells after fresh heparinized plasma; © -- - - 
red blood cells after fresh heparinized plasma; left ordinate = red blood cell count/mm.'; right 
ordinate white blood cell count/mm.'; abscissas time in hours 

b. After the injection of fresh plasma: The protein concentration fell 
slowly, from an average of 6.7 Gm./100 ml. (8 determinations) in the plasma 
injected intrapleurally, to 5.9 Gm./100 ml. after 9 hours. The cell count in 
the fluid rose steadily (Fig. 9) ; in 6 hours the red cells reached a concentration 
of 72,000 cells/mm.*, the white cell concentration was 39,000 cells/mm.* and 
both were still rising. The differential white count showed a greater pro- 
portion of neutrophils (79 per cent) and fewer lymphocytes (10 per cent) 
than in naturally-oceurring pleural fluid, and also contained 3 per cen’ of 
basophil cells. 


c. After the injection of stored serum: When stored serum was introduced 
into the pleural cavity, the protein concentrations had attained a constant 
value 79 + 6 per cent of the circulating plasma level after 7 hours and showed 
no further change in the ensuing 8 to 12 hours. The cell counts in the pleural 
fluid rose rapidly after the injection of stored serum (Fig. 9) and reached 
stable levels after 6 hours that were unaltered after a further 10 hours, The 
red eell count reached 192,000 cells/mm.", and the white count was 54,000 
cells/mm.* The rate of cell entry into the pleural cavity after the intrapleural 
injection of stored serum was several times faster than when fresh heparinized 
plasma had been so injected. 
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The average differential count was similar to that found after the injee- 
tion of fresh plasma, averaging 80 per cent neutrophils, 12 per cent lympho- 
cytes, 4 per cent monocytes, and 4 per cent basophils, The relatively high 
percentage of basophils is noteworthy. Many of these cells were typical 
“mast cells,” being 2 to 3 times the size of the neutrophil with a large pale 
nucleus and with eytoplasmie granules giving a metachromatic reaction with 
toluidine blue. Fig. 10 shows an experiment in which fresh heparinized 
plasma was initially injected into the pleural cavity. After 8 hours when 
the cell counts were becoming stabilized 20 ml. of stored serum was injected. 
There was an immediate increase in the rate of cell entry and the white cell 
count reached 82,000 cells/mm.° after 1 hour. 
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Same experiment as in Fig. 6 Effect of stored serum on cell entry At the 
, 20 mil. of stored serum was injected into the pleural cavity 


eV oO —-O red cell count: @--- . white 


cell count left ordinate red 
ell count/mm.*; right ordinate white 


cell count/mm abscissas time in hours 


d. After the injection of isotonic saline: The protein entry into the pleural 
cavity after the injection of isotonic saline has been discussed previously. The 
magnitudes of the cell counts were directly related to the rate of entry of pro- 
tein. In the majority of dogs with a low rate of protein entry the red cells 
averaged 17,250 cells/mm.* and the white cells 15,000 cells/mm.* after 6 hours. 
In the 3 dogs that showed a high rate of protein entry, the red cells reached 
150,000 cells/mm.* and the white cells 94,800 cells/mm.* at 6 hours. 


e. Rate of removal of reticulocytes: In two experiments a red cell suspen- 


sion in which a high proportion of the cells were reticulocytes was injected into 
the pleural cavity. The reticulocyte-rich cells were obtained by treating another 
dog with acetylphenylhydrazine for 5 days. After making allowance for matura- 
tion of the reticulocytes, the total reticulocytes had decreased from 1.97 x 10° to 
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0.70 x 10° in 6 hours in one experiment and from 2.0 x 10° to 0.60 x 10° in the 
other. Owing to the inaccuracies of the method it was not possible to obtain sat- 
isfactory quantitative measurement of cell removal, but the rate was of the same 
order as that of the suspending fluid. These experiments gave no indication 
there was any greater hindrance to the entry of red cells into the lymphatics 
than there was for the pleural fluid. 


DISCUSSION 

The lymphatic drainage of the pleural cavity behaves in a simple manner. 
The lymphatie flow at rest averaged 0.57 + 0.14 (S.D.) ml./Kg. hr. and was 
unaffeeted by the composition of the pleural fluid or by wide variations in the 
amount of fluid in the pleural cavity. This lymphatic flow corresponds to a 
turnover through the pleural cavity of 27 per cent of the dog’s plasma volume 
per day. 

The lymphatic flow was changed significantly only by alteration in the 
rate and depth of respiratory movements. Thus hyperventilation produced 
by inhalation of carbon dioxide, increased the lymphatie flow up to fourfold, 
and hypoventilation associated with anesthesia, depressed the lymphatic flow. 
These results agree with the observations of Courtice and Simmonds® on the 
lymphatic flow in the cannulated thoracie and right lymphatie duets of the 
eat. It is probable that lymph movement in the pleural lymphaties, as in 
lymph channels in other parts of the body, is passive and depends on the 
movement of the surrounding structures. 

Following a period of hyperventilation it was noted that the lymphatic 
flow remained consistently raised above the control level despite a rapid re 
turn of respiratory movements to normal. We have no evidence of the max 
imum duration of this effeet, but this elevated lymphatic flow has been ob- 
served to continue for periods up to 8 hours without showing signs of return 
ing to the control level. The simplest explanation of the phenomenon is that 
in the resting animal a proportion of the lymphatie channels leading from the 
pleural cavity were not patent. During hyperventilation, the increased re- 
spiratory excursions caused these previously inactive vessels to become patent 
and these vessels remained open after the period of hyperventilation was over 
and accounted for the persistent high lymphatie flow. 

This observation may be of some importance in the management of human 
effusions, in that rest in bed may delay absorption, whereas quite short pe- 
riods of activity might have a disproportionately large effect due to the per- 
sistence of a raised rate of absorption. 

The interchange of fluid between the blood and pleural fluid is complex. 
It is dependent on the hydrostatic pressure gradient across the tissues 
separating the two fluids to which gradient the intrapleural pressure con- 
tributes, and also on the composition of the pleural fluid, and the presence in 
it of substances modifying capillary permeability. 

When fresh heparinized plasma was placed in the pleural cavity, protein 


entered the fluid from the blood, as shown by the steady decrease in the spe- 
cific activity of the intrapleural protein label (i.e., in the amount of T1824 or 
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I'*-labeled bovine albumin per gram of pleural fluid protein). From this 
change in specific activity of the protein in the pleural cavity the rate of 
entry of new protein was calculated, and found to average about 20 mg./Kg. 
hr. Since the rate of fluid entry in these experiments was 0.47 ml./Kg. hr., this 
meant that the concentration of the protein in this entering fluid was 4.5 
(im./100 ml. The protein concentration in the circulating plasma averaged 
7.1 Gm./100 ml. and therefore the concentration of protein in the fluid enter- 
ing the pleural cavity was 62 per cent of that in the blood plasma. 

This reduced protein concentration could be due to molecular filtration in 
isoporous capillaries or due to filtration in heteroporous capillaries in which 
two ranges of pore size coexist. In the second case, which we consider the 
more likely, the smaller pore can be regarded as completely impermeable to 
protein whereas the larger pore offers no hindrance to the passage of protein 
and permits the filtration of fluid with the same protein concentration as in 
the blood plasma. The pleural fluid would result from the mixture of these 
two filtrates. The first explanation is unacceptable because it would involve 
a greater holdback of the large radius protein molecules than of the small 
radius protein molecules and thus should lead to fluid rich in albumin and 
relatively poor in gamma globulin as compared with the blood plasma. 
Luetscher'® has shown that this is not the case in either pleural or peritoneal 
effusions in man. We have found that the protein entering saline placed in 
the pleural cavity was very similar in electrophoretic pattern to that in the 
blood plasma. Further, if the pores in the pleural capillaries were of a critical 
diameter for protein molecules, they would not readily admit such large bodies 
as red and white cells, yet we have found relatively high concentrations of 
both these cells entering the pleural fluid. These considerations lead us to be- 
lieve that fluid enters the pleural cavity through two different sized pores in 
the pleural capillaries. 

As a result of a study of the movement of dextran molecules of different 
sizes across the blood-lymph barrier, Grotte'* had found evidence that capillaries 
in the dog’s leg, cervieal region, and liver contain pores of two different sizes. 
The proportion of dextran molecules entering the lymph was independent of 
molecular weight in the range of 35,000 to 360,000. With molecules smaller 


than 35,000 the lymph/plasma concentration ratio increased proportionately 
to the reduction in molecular weight. Grotte concluded that there were two 
different pore sizes in the capillaries, the smaller of which did not admit 
dextran moleeules greater than 35,000 molecular weight and the larger which 


was not selective even for the highest molecular weight (360,000) which was 
tested. The large pores, however, held back microspheres of aerylie plastic 
with a radius of 360 A. 

Since it would appear that the entering fluid had about 62 per cent of the 
protein concentration found in the blood plasma, the two-pore hypothesis 
requires that 62 per cent of the fluid came through the large pores, and the 
remaining 38 per cent of fluid was a protein-free filtrate which came through 


the small pores. Fluid formation through the large pores will be a bulk flow 
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and not dependent on colloid osmotic pressure, sinee a colloid osmotie pres- 


sure cannot be established across a membrane whose pores are freely per- 
meable to protein. The fluid movement through these large pores will, there- 
fore, depend on (1) the net hydrostatic pressure normal to the pores; (2) the 
number of the large pores; and (3) the fourth power of the mean pore di- 
ameter, since this is a hydrodynamic flow. 

Fluid movement through the small pores, which are impermeable to 
protein, will be influenced also by the colloid osmotie pressure gradient from 
capillary blood to pleural fluid in addition to the factors listed above. The 
colloid osmotie pressure in the extracellular space surrounding the pleural 
capillaries lies presumably between that of the newly formed fluid and that 
of the pre-existing pleural fluid. When the fluid in the pleural cavity is blood 
plasma there will be only a trivial difference of colloid osmotic pressure 
across the capillary wall; therefore, colloid osmotie pressure may be ignored 
in considering the factors controlling fluid movement. It was found that 
when the intrapleural pressure exceeded 2 mm. Hg, fluid movement into the 
pleural cavity ceased. This suggests that the pressure in the pleural capillaries 
is about 2 mm. Hg. This is the order of pressure found in the capillaries in 
the pulmonary cireuit, and it may be that the pleural capillaries in the dog 
are supplied from the pulmonary circulation. Miller’® came to the same con- 
clusion from anatomical studies, but pointed out that the bronchial circula 
tion played a major role in supplying vessels in the visceral subpleural region 
in man. The parietal pleural capillaries are systemic and presumably the 
mean intraeapillary pressure is of the order of 30 mm, Hg and a rise in intra- 
pleural of +2 mm. Hg would still leave a considerable hydrostatic pressure 
gradient across the capillary wall. The complete cessation of entry of fluid 
into the pleural cavity when the intrapleural pressure was so raised can only 
mean that the parietal pleural capillaries play a negligible role in the move- 
ment of fluid into the pleural cavity. 

The mean intrapleural pressure in the resting dog was —5 to -8 mm. Hg 
so that the net hydrostatic pressure available for formation of fluid was about 
7to 10mm. Hg. This net pressure is presumably the over-all driving foree for 
movement through the large pores, and for movement through the small pores 
this foree is reduced by whatever colloid osmotie pressure difference is avail- 
able. It seems reasonable to assume that with a raised intrapleural pressure 
the pleural fluid formation will cease when the intrapleural pressure negates 
the hydrostatic foree driving the fluid through the pores, On the other hand, 
increase in the pressure gradient from capillary blood to pleural fluid pro- 
duced by reduction of the intrapleural pressure or increase in the pulmonary 
capillary pressure will lead to an increase in pleural fluid formation. These 
findings indicate the importance of the normally negative intrapleural pres- 
sure in the formation of pleural fluid. Thus as the fluid accumulates in a 
pleural effusion, the rise in the intrapleural pressure will retard the further 
formation of fluid. Conversely a more negative pressure associated with 
atelectasis will predispose to pleural fluid accumulation. 
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If we now turn to the effect of pleural fluid colloid osmotie pressure, this 
is well illustrated by the experiments with isotonic saline. In the more com- 
mon type of response in dogs to the intrapleural injection of isotonic saline, 
fluid entry was reduced to a very low level or abolished. In two cases the 
direction of flow was reversed so that the net movement of fluid was in the 
direction of pleural fluid to blood. However, the rate of protein entry was 
very similar to that found when plasma was used. This is in agreement with 
the hypothesis that the rate of movement of fluid through the large pores is 
virtually independent of the nature of the fluid. The reversal of the flow can 
be attributed to the lowering of the colloid osmotie pressure in the pleural 
fluid as the result of the dilution with saline. The difference in colloid osmotie 
pressure between capillary blood and pleural fluid becomes such that the 
hydrostatic pressure responsible for flow into the pleural space is more than 
balanced and flow occurs from the pleural fluid to capillary. The over-all 
picture is therefore that movement of fluid through the large pores, which is 
unaffected by colloid osmotie pressure changes, is approximately balaneed by 
reabsorption of fluid from the pleural cavity through the small pores. 

In the 3 dogs that responded to the intrapleural injeetion of isotonic 
saline by a large movement of fluid into the pleural cavity, there was a great 
inerease in the rate of protein entry, 93 mg./Kg. hr. as compared to 20 mg./Kg. 
hr. in the other dogs. This must mean that an increase in eapillary perme- 
ability occurred and this suggestion is supported by the increase in the entry 
of red and white cells as well as of protein. The explanation of this change in 
permeability is not clear at present. 


Apart from hydrostatic and colloid osmotie pressures, a major factor in 


fluid movement is the permeability of the capillary wall, This is greatly in- 


creased by histamine and also by a substance present in stored serum. The 
response to stored serum was unaffected by antihistamines in doses that abol- 
ished the response to histamine and histamine liberators. Miles and Wilhelm" 
found that storage or dilution of guinea pig serum led to the development of 
substances increasing the permeability of skin capillaries after intradermal 
injection, We have had similar results with dog plasma. These substances 
may account for the inereased permeability of the pleural capillaries found 
after the intrapleural injection of stored serum. If such substances are gen- 
erated in vivo they may be of the greatest importance in initiating and per- 
petuating fluid accumulation in serous cavities. 

The transfer of low molecular weight water soluble substances between 
blood and pleural fluid is not restricted to the rate of net fluid transfer. The 
movement seems to be determined by simple diffusion considerations, and like 
such movements elsewhere in the capillaries it may be either ‘‘diffusion lim- 
ited” for the moderate sized molecules, or “blood flow limited” for the smallest 
molecules. Our evidence suggests that equilibration of water or Na** is mainly 
limited by pleural blood flow, and that the clearance rate of Na*® introduced 
into the pleural eavity gives an approximate measure of the total pleural blood 
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flow. This was of the order of 70 to 80 ml./Kg. hr. This very large clear- 


ance rate for substances of molecular weights of a few hundred contrasts 
sharply with the rates for substances of large molecular weight of the order 
of the plasma proteins. These large molecules are removed solely by the 
pleural lymphatics and hence the time course for their absorption is prolonged. 

We have obtained some information on the factors controlling the turn- 
over of cells. The experiments using naturally-labeled red cells (reticulocytes) 
show that the lymphatic vessels draining the pleural cavity offer no greater 
hindranee to the removal of red cells than they do to plasma proteins. No 
specific information was obtained as to the existence of a restriction to white 
cell removal. 

The rate of entry of cells into the pleural fluid was strongly influenced by 
the nature of the fluid introduced. After the injection of fresh heparinized 
plasma, the red cells entered the pleural cavity at an average rate of 1.5 « 10° 
cells/Kg. hr., and the white cells entered at a rate of 0.7 « 10° eells/Kg. hr. 
The cell counts were still rising at the end of 6 hours at which time the white 
cell count was of the order of 40,000 cells/mm.*, about 4 to 5 times the white 
cell count of peripheral blood, When stored serum was injected both types of 
cells entered at a faster rate during the first 3 to 4 hours than after fvesn 
heparinized plasma. In the case of red blood cells, the rate was 12 x 10° 
cells/Kg. hr., some 8 times faster than after fresh heparinized plasma, and the 
white cell entry was 2.8 x 10° cells/Kg. hr. which was about 4 times faster 
than after heparinized plasma. Following this rapid entry a steady state 
was reached at about 54,000 white cells/mm.* and at 192,000 red cells/mm. 
Thus the red cell count in the pleural fluid was only 4 per cent of the periph- 
eral blood count, whereas the concentration of white blood cells was about 6 
times that found in the peripheral blood. While it would be quite reasonable 
to explain the steady concentration of red cells reached in the pleural fluid 
as the attainment of a steady state in which a passive movement of red cells 
from blood to pleural fluid balances the rate of red cell removal by the 
lvmphaties, no such simple explanation can be offered for the behavior of the 
white blood cells. It is more likely that the polymorphonuelear leukoeytes and 
the lymphoeytes are being attracted into the pleural fluid by the generation 
of a chemotactic substance. It is surely surprising that when the ratio be- 
tween red cells and white cells in the peripheral blood is about 600:1, the rate 
of red cell entry should be only 2 to 5 times the white cell entry. 

The differential white cell count in the pleural fluid was similar whether 
stored serum, fresh heparinized plasma, or isotonic saline had been injected. 
The differential count differed in two respects from that found in the periph- 
eral blood. The proportion of neutrophils was somewhat higher, and the per- 
centage of basophils was much higher, occasionally reaching 10 per cent of 
the total count in the pleural fluid. Many of these basophils were large and 
immature in appearance, resembling more closely tissue mast cells than the 
basophils seen in peripheral blood. Presumably the basophils in the pleural 
fluid are derived from the collections of such cells that have been noted in 
the pleura by a number of workers.’ Padawer and Gordon" have noted the 
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presence of numerous mast cells in the peritoneal fluid of the rat, and have 
used this fluid for the preparation of pure mast cell suspensions. Courtice, 
Harding, and Steinbeck'® have also commented on the presence of mast cells 
in the peritoneal fluid of the rat. 

The present methods of measuring fluid turnover necessitate the introdue- 
tion of fluid into the pleural cavity and there is no certainty that these results 
can be applied quantitatively to the normal pleural cavity which contains only 
a trace of fluid. Indeed the low protein concentration and low-cell counts 
found in normal fluid argue against this. Similar low values for protein and 
cell concentrations were found in naturally occurring pleural fluid obtained 
from healthy men by Yamada.*° Maurer, Warren, and Drinker*' also found 
that the protein concentration of naturally occurring fluid in the peritoneal 
and pericardial cavities was also low. The high concentration of cells and 
the high rate of protein entry found in all our experiments suggest that the 
permeability of the pleural capillaries was increased; since this inereased 


capillary permeability oceurred whatever the composition of the fluid intro- 


duced into the pleural cavity, it is probably due in part to the simple expan- 


sion of the pleural fluid volume. The mechanism mediating this is quite ob- 
secure at the present time, and, while the present results may have a direct 
bearing where fluid has accumulated in the pleural cavity, they will need 


modification when the normal small amounts of fluid are present. 


SUMMARY 


1. When fresh heparinized blood plasma was injected into the pleural 
cavity of the dog, the lymphatic flow at rest was 0.57 + 0.14 (S.D.) ml./Kg. hr. 
which was nearly balanced by fluid entering the pleural cavity from the 
capillaries at a rate of 0.47 + 0.10 (S.D.) ml./Kg. hr. 

2. The lymphatic flow was increased by hyperventilation and decreased 
by hypoventilation. Following hyperventilation, the lymphatic flow was 
elevated for many hours. 

3. The fluid entering the pleural cavity was rich in protein. 

+. The entry of fluid was greatly increased by histamine and substances 
present in stored serum which increased capillary permeability. 

5. In most animals intrapleural injection of isotonic saline decreased or 
reversed the transfer of fluid from blood to pleural fluid. In a minority of 
animals a great increase in fluid entry occurred. 

6. An inerease in intrapleural pressure to 2 mm. Hg or more above at- 
mospherie pressure abolished fluid entry. Reduction of intrapleural pres- 
sure increased fluid entry. 

7. Cell counts in the pleural fluid after the injection of fluid became high 
tending to 30,000 to 60,000 white blood cells/mm.*® and 100,000 to 200.000 red 
blood cells/mm.* 

8. Evidence is presented that the pleural capillaries from which fluid 


passes to the pleural cavity, may be derived from the pulmonary circulation 
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and may contain two types of pore; the larger pore allowing free passage of 


plasma protein and restricting the passage of cells and the smaller pore being 
impermeable to protein. 

9. Low molecular weight substances pass rapidly in either direetion be 
tween capillary blood and pleural fluid. The clearance of Na*®* and water 
introduced into the pleural cavity gave a lower limit of 80 ml./Kg. hr. for the 
pleural blood flow. 

10. Normal pleural fluid has been collected. The average volume for the 
dog was 1.3 ml. The average protein concentration was 1.39 Gm./100 ml.; 
the red cell count 6,300/mm.* and the white cell count 2,820/mm.* 


We would like to thank Dr. Hugh E. Burke for his advice. 
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NOTE ON SILENT SARCOIDOSIS OF THE GASTRIC MUCOSA 


Eppy D. PauMer, LituTENANT COLONEL, MC 
New York, N. Y. 


ARCOIDOSIS of the stomach, believed to be unusual, manifests itself 
S mainly through granulomatous and fibrotic obstruction of the pylorie out- 
let.) & 1% 18 Hemorrhage from stomachs with submacroscopic mucosal sar- 
coidosis is well known although rare.’ In several reported cases, gastrie in- 
volvement was encountered only by chance at autopsy or upon gastric re- 
section for presumably unrelated ulcer or cancer ®18 Actually, the incidence 


of gastric loealization is uncertain, both because of the nonspecific histopatho- 


logie nature of the granuloma and because miliary mucosal involvement without 
gross changes is apparently the commonest form for gastrie sarcoidosis to 
assume, 

Because of the diagnosis of one ease of sareoidosis through transoral gastrie 
mucosal biopsy,'’ biopsy specimens taken in a series of patients being in- 
vestigated for sarcoidosis were studied for incidence of mucosal sarcoidosis and 


for histopathologie effects of silent sareoid granulomas on the gastric mucosa. 


MATERIAL AND METHOD 


Single gastric mucosal biopsy specimens were taken by vacuum tube! on 74 occasions 
from 60 patients who were eventually diagnosed as sarcoidosis by the usual clinical and 
histopathologic criteria. Superficial lymph nodes, sealene fat pads, and liver biopsies had 
furnished the material for pathologic examination. All of the patients were men, between 
1S and 33 years of age. There were 44 Negroes and 16 Caucasians. At the time of gastric 
mucosal biopsy, all of the patients were examined gastroscopically and 33 of the 60, 
esophagoscopically, None of the patients had symptoms which suggested upper gastroin 
testinal disease, and, in fact, the majority did not consider themselves sick, having come 
under medical investigation only because of abnormalities discovered on routine chest 
roentgenography. 

The biopsy specimens were taken close to the greater curvature, about in line with 
the esophageal “axis, They represented, therefore, mucosa of the fundic type. The spect 
mens before fixation were uniform disks measuring approximately 5 mm. in diameter and 
containing full mucosal thickness plus a little of the submucosa. The tissue was processed 
in the routine fashion in the laboratory; each specimen was bisected before embedding and 


$ sections were studied, unless their contents called for examination of more. 
RESULTS 
The preliminary upper gastrointestinal x-ray studies failed to reveal gastrie 
disease in any of the 60 patients. No esophagoscopie abnormalities were found 
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other than oceasional infringement on the esophageal lumen by enlarged 
mediastinal lymph nodes. 

Gastroscopically, abnormality was found in only 6 patients. Two had 
the typical changes of generalized atrophie gastritis, and in 4 there were the 
findings often labeled ‘‘superficial gastritis’’: irregular areas of hyperemia, an 
excess of mucus and thin gray exudate, and a few erosions. Repeated gastro- 
scopic examinations were made in these 6 cases over periods up to 18 months, 
without changes in the 2 patients with atrophie gastritis but with fluctuations 
toward and away from normal in the others. 

Sarcoidosis was found in the biopsy specimens from 6 of the 60 patients. 
These were not the 6 patients who showed gastroscopic abnormalities. Alto- 
gether 16 specimens were taken from the 6 positive patients over periods up to 
18 months, and 14 of these contained sareoid granulomas. The passage of time 
brought no important change in histopathologie appearances. 


aka" v Lad 
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Fig. 1.—Tiny sarcoid granuloma in the glandular portion of the mucosa. Notable are the 
absence of peripheral reaction and the normalcy of the neighboring gastric glands. (Magnifica- 


tion 100; reduced \%.) 

The granulomas found in the gastric mucosa were entirely similar in ap- 
pearance to those observed in other tissues, although all of the individual lesions 
were small as well as scattered. Sometimes there were 6 or 8 tiny granulomas 
in one section, quite separate from one another. Most were located about mid- 
way between the muscularis mucosae and surface. Fewer lay in contact with 
the muscularis mucosae. In the former location there was never any degree of 
inflammatory reaction around the granulomas or any disturbance in the neigh- 
boring gastric glands (Figs. 1 and 2). When granulomas rested against the 
muscularis muecosae, there often was round-cell infiltration in the area (Fig. 3). 
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No submucosal granulomas were found. It appeared that the sareoidosis was 
disturbing the stomach very little and that there was nothing progressive about 
the gastrie disease in these patients. 


Details of another granuloma. (Magnification «430; reduced \%.) 


Fig. 2 Granuloma lying on the muscularis mucosae In this position there is a degree of 
peripheral round-cell infiltration (Magnification «100; reduced \%.) 


COMMENT AND CONCLUSION 

As was pointed out at the start, sarcoidosis of the stomach can produce 
serious illness. The present experience suggests that silent involvement of the 
gastric mucosa may not be excessively rare, even when the matter is judged by 
a sampling technique which depends on diffuse involvement for a positive re- 
sult. The implication to be drawn from the observed ineidence, the appearance 
of the lesions, and the failure of histopathologic progression in serial specimens 
is that mucosal sarcoidosis does not often advance to the point at which serious 


clinical consequences, such as pylorie obstruction and mucosal hemorrhage, 
might oceur. 
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PROTEIN REQUIREMENTS IN CHRONIC RENAL 
INSUFFICIENT PATIENTS 
A Stupy OF THE NITROGEN MINIMUM 


Ricuarp FEF. HerRNpoN, M.D., SmiruH FREEMAN, M.D., PuH.D., AND 
ANNE S. CLEVELAND, PH.D. 
CHICAGO, ILL. 


ALUES for the minimum nitrogen requirement for human beings have 

been carefully investigated in normal individuals. The procurement 
of such data has been facilitated by the observation that the relation between 
nitrogen balance and absorbed nitrogen when the individual is in negative 
balanee is linear.° The extrapolation of balance data back to the level of 
nitrogen equilibrium will give the minimum nitrogen requirement for equilib- 
rium. 

These values are related to the amino acid pattern of the dietary source 
and range in exeess of 2 mg. absorbed nitrogen per basal calorie per 24 hours.’ 
A protein source of unknown deficiency, such as whole egg protein, results in 


a lower requirement than a source deficient in some known amino acid. In 


the case of the deficient source, the requirement may be lowered by supple 


mentation with the limiting factor as in the experiment reported by Bricker 
and associates® in which, on a white flour diet, an adult college female was in 
marked negative nitrogen balance. When the diet was supplemented with 
lysine, the urine nitrogen dropped quickly by an amount 350 per cent greater 
than the added lysine and the nitrogen balance became positive. Deficiency 
is a relative rather than an absolute term. <A protein may be deficient for 
growth, but adequate for maintenance. The requirements may be different in 
health and disease. The relationship between endogenous nitrogen loss and 
basal heat production may be altered by differences in age, sex, and prior 
treatment.’ 

The patient with advanced impairment in renal function has a reduced 
ability to excrete end products of protein metabolism. To compensate for 
redueed renal function, the plasma coneentration of nitrogen and other non- 
volatile catabolites rises. Whether or not the accumulation of nitrogen ad- 
versely affects the health of the organism is a moot question. Most sources 
of protein contain, in addition to amino nitrogen, sulfate and phosphate radi- 
cals, purines, and other extractives, all of which require renal excretion. 
Ideally, it would seem that a minimum of renal function would be required 
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when the diet contained the required amino acids in the proportions necessary 
to provide optimal efficiency of utilization. A protein deficient diet with ade 
quate or excess calories from carbohydrate and fat will affect a maximal re 
duction in the metabolism of nitrogen and thus reduce the protein catabolites 
requiring excretion. This regimen has been employed as a temporary measure 
in the treatment of acute renal insufficiency and is advocated by some for the 
long-term eare of the chronically renal insufficient... Prolonged protein de 
pletion is not without consequence and will eventually produce illness of itself. 


The chronie renal insufficient patient may survive for many years and treat 


ment should be so regulated as to maintain the patient indefinitely. Ideally, 
efforts to minimize protein catabolism would not inelude protein restriction 
to the point of producing a negative nitrogen balance. 

Some information is available on the nitrogen requirements of human be 
ings in abnormal states. The requirement is much higher in the sequence of 
events immediately following severe trauma, burns, and the erush syndrome.”""' 
Pregnaney, hyperthyroidism, and fever all increase the minimum protein re- 
quirement as may be inferred by their influence on basal oxygen consumption. 
There have been conflicting reports on the nitrogen requirement in the 
aged'**"* and in the presence of renal insufficiency.*: '*"" These latter obser- 
vations together with the opinions of many observers on the phenomena of 
“toxie destruction of protein’’ in azotemia due to renal insufficiency stimu 
lated the following investigations of the nitrogen minimum in chronic renal 
insufficient human beings. 


METHODS 


The renal insufficient patients selected for use in this study were chosen after pre 
liminary periods of observation varying from 1 to 3 weeks. These patients were appar 
ently free of infection, gross bleeding, or purpura at the time of study. They were 
maintained in rooms adjoining the special diet kitchen. No more than two patients were 
studied at any one time. Pertinent clinical observations concerning the patients are 
summarized in Table I, 

Standard nitrogen balance procedures were followed using the recommendations 
of Bauer and Aub.1s The preliminary evaluations included the clinical history, course, 
duration and manifestations of the disease process leading to renal insuflicieney, a physi 
eal examination, and a laboratory evaluation. The latter included a complete blood 
count, plasma total proteins, and albumin-globulin ratio, nonprotein nitrogen, creatinine, 
total calcium, inorganic phosphorus, electrolytes, protein bound iodine, I'%1 uptake, basal 
oxygen consumption, chest x-ray, and a 12-lead electroecardiogram. Blood pressure, pulse, 
and temperature were measured twice daily. Other studies were made in certain in 
stances. The patients were weighed daily at 8:00 A.M. after voiding and before breakfast. 
Activity was unrestricted, but, once a pattern was established, it was not varied. All pa 
tients spent from 14 to 16 hours daily in bed, the remainder about equally divided between 
ambulation and sitting. 

Calorie requirements were estimated at from 27 to 30 calories per kilogram of body 
weight per day. The carbohydrate to fat ratio in the diet was likewise estimated and was 
maintained at a 3 to 1 ratio. The diets were constant in regard to minerals and vitamins” 

*Diets were supplemented with vitamins: vitamin A, 5,000 units; vitamin D, 500 units: 
vitamin C, 150 mg.; thiamin, 10 mg.; riboflavin, 10 mg.; pyrodixin, 2 mg.; calcium pantothen 
ate, 20 mg.; nicotinamide, 100 mg.; folic acid, 1.5 mg.; vitamin By, 1.5 mEq.; cobalt, 0.1 me.; 


copper, 1.0 mg.; iron, 10 mg.; manganese, 6 mg.; magnesium, 1.0 mg.; molybdenum, 0.2 me.; 
zinc, 1.5 mg.; calcium, 60 me. (Unicap, therapeutic The Upjohn Company, Kalamazoo, Mich.) 
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insofar as possible. The low-protein diets were nearly always low in caleium and were 


supplemented with calcium lactate to provide at least 600 mg, caleium daily. Egg albu 


min diets were low in phosphorus, but no effort was made to regulate this moiety. The 
sodium was constant for each individual, but varied from 900 to 2,200 mg. per day in 
different patients Potassium intake varied moderately at different dietary levels of pro 


tein, 


TABLE I. SUMMARY OF CLINICAL AND LABORATORY DATA FoR Five CHRONIC RENAI 
INSUFFICIENT PATIENTS AND ONE HEALTHY SUBJECT 


HEALTHY 
5 SUBJECT 
, 56 5 ?0 32 
sex ° MM. > ° M. M. 
Height (em, 159 i7 179 176 
Weight (Kg. 2 8 58.6 r Be. 63.2 71.8 
Blood pressure 22 4 2s 142 150/80 194/118 110/70 
Basal eal. /M2/hr ; ; , 37.3 34.6 
NPN (mg.% 4 ) ote 3.0 27.0 
Creatinine (mg. ; 
Total protein 
Gm. % 
Albumin (Gm.% 
Caleium (mg.% 
Inorganic phosphorus 
mg.% 
CO, (mEq./L. 
Chloride (mEq./L 
Sodium (mEq./L 
Potassium (mEq./L 
Hemoglobin (Gm.¢ 
Hematocrit (% 
R.B.C. (millions 
e.mm, 3.93 1.09 40 8.95 2.46 90 
W.B.C, (¢e.mm 6,700 7,400 7,000 7,300 6,850 9,850 
Clinical diagnosis Chronic glomerulo Polveystiv Chronie glomerulo Healthy 
nephritis disense nephritis subject 


*Basec oxygen consumption and according to Du Bois’ standards 


Investigation of all patients was begun on a diet of 1.0 Gm. protein per kilogram of 
body weight per day after equilibration periods varying from 4 to 6 days. Following 
equilibration periods, collections were begun using collection periods of 3 or 4 days. 

Urine was collected in 24-hour periods with chloroform as a preservative. rhe 
urine was refrigerated (4° C.) at all times. On 24-hour specimens total volume, specific 
gravity, and creatinine were determined,19 Provided the creatinine values were econ 
stant, the 24-hour samples were pooled to provide aliquots of the urine. These in turn 
were analyzed for total nitrogen by the method of Kjeldahl.1° Proteinurie nitrogen was 
determined by Kjeldahl analysis of a trichloroacetic acid precipitate of urine prepared 


according to a minor modification of the method of Hiller and co-workers.2' Stool 


markers were either carmine, 0.5 Gm., or chareoal. Stools were collected directly into 


numbered and weighed evaporating dishes, 12 inches in diameter, covered, and immedi 
ately refrigerated. The collection was weighed and then transferred to a sealed plastic 
container; the stool weight was determined by the difference from the weight of the col 
lection dish. When the 3- or i-day sample was accumulated, it was homogenized and a 
representative aliquot analyzed for total nitrogen by the method of Kjeldahl. 

The nitrogen ingested as coffee or tea was calculated from their weight. Tea and 
coffee were made each day in the same fashion; therefore, after several analyses, values 
were calculated using 249 mg. nitrogen per 1,000 Gm, coffee and 97 mg. nitrogen per 1,000 


(im. tea. These sources are not homogenous and so the average is more representative 
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than the individual measure. \ half-portion of the daily diet was prepared con 
comitantly and similarly to the daily diet and saved for analysis. This material was 
pooled for the period, weighed, homogenized, and an aliquot analyzed for total nitrogen. 

The intake is given as total nitrogen per day not including coffee or tea. The ab 
sorbed nitrogen is the daily intake less the dietary stool nitrogen expressed as milligrams 
nitrogen per basal calorie per day. The nitrogen balance is the difference between in 
take and output. Output includes urine nitrogen, stool nitrogen, and a factor calculated 
for the ‘‘nitrogen required for growth,’’ 0.56 Gm. nitrogen per meter square body sur 
face area per day, according to Mitchell.21 No adjustment or caleulation was made for 
losses in the sweat. Environmental temperature was not precisely regulated, but overt 
sweating was not clinically noted. The role of sweat in nitrogen exeretion in renal in 
sufficient human beings was not assessed, Urine nitrogen was corrected for the daily coffee 
or tea intake by subtracting this value as nonprotein nitrogen and of no biologic signifi 
cance, just as it was subtracted from the intake. An adjustment was also made for 
changes in the plasma nonprotein nitrogen during the collection period. Plasma was 
analyzed before and after each period and the following calculation was made: Total non 


protein nitrogen change per day (betes mg./L.. NPN mg. ~ < 70 per 


before after cent (ad 


justment for total body water) x mean body weight in kilograms. If the nonprotein 
nitrogen rose, this calculation was added to the output; if it fell, it was subtracted. Vari 
ations here were generally of little magnitude. No other factors were considered in the 
calculations. The base line on each patient probably varied from time to time with 
changes in weight and surface area. No practical method for eliminating this, other 


than prolonged equilibration periods, was used in this study. 

Two collection periods were usually made on each diet schedule. Dietary levels of 
protein included 1.0 Gm. per kilogram, 0.5 Gm. per kilogram, and 0.25 Gm. per kilogram 
of body weight. Between the 1.0 Gm, and 0.5 Gm. per kilogram protein diets, prolonged 
equilibration periods were necessary before collections were resumed in order to obtain 
relatively constant urine nitrogen values. When the diets were changed, even though 


nitrogen content was not changed, equilibration periods were never less than 3 days. 
RESULTS 

Nitrogen balance data for 5 patients with chronie¢ renal insufficiency and 
one normal subject are presented in Table Il. No subject showed significant 
(exceeding 10 per cent of nitrogen intake) deviation from nitrogen equilib- 
rium on a 1.0 Gm. protein per kilogram diet. It should be noted that the 5 
renal insufficient patients were persistently in negative nitrogen balance when 
proteinurie losses are included on an intake of 0.5 Gm. protein per kilogram 
of body weight over periods ranging from 21 to 40 days. This is in contrast 
to the healthy individual, who reached equilibrium at this dietary level after 
15 days. 

Endogenous urinary and feeal nitrogen were not determined directly. 
Caleulated values for endogenous urinary and fecal nitrogen are shown in 
Table Ill. Indirect estimation of feeal nitrogen from linear retrogression 
curves comparing dietary to feeal nitrogen, each expressed as milligrams per 
basal ealorie, results in the values in the third and fourth eolumns of Table ITI. 
The endogenous fecal nitrogen values agree closely with one another and 
with the observed average of 0.58 Gm. nitrogen per day in Subject 3, when 
dietary nitrogen was derived exclusively from whole egg, since all stool nitro- 


gen was endogenous assuming whole egg to be completely digestible.’ The 
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linear relationship of dietary to fecal nitrogen is based on the assumption that 
as dietary protein decreased in the diets fed to these subjects, the dry weight 
of the diet remained relatively constant and the interrelationship of fecal 


nitrogen to the dry weight of the diet has been demonstrated by Mitchell.*: 


TaBLE IIL. ENboOGENOUS FECAL NITROGEN AND ENDOGENOUS URINE NITROGEN IN FIVE CHRONI( 
RENAL INSUFFICIENT PATIENTS AND ONE HEALTHY SUBJECT 


CALCULATED 
ENDOGENOUS 
URINARY NITRO 

MG. PER MG. PER GEN MG. PER 
GRAMS/DAY BASAL CALORII GRAMS/DAY BASAL CALORIE BASAL CALORII 


LOWEST OBSERVED CALCULATED ENDOGENOUS 
FECAL NITROGEN FECAL NITROGEN 


1.18 0.651 1.06 0.590 ? 9] 
0.74 0.604 0.69 0.565 
0.58 0.513 0.60 0.520 
1.10 0.666 0.96 O.585 
5 0.611 O.84 0.516 
Healthy 
subject 0.77 0.516 0.71 0.475 


*iexcluding proteinuric loss 
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Fig. 1 Negative nitrogen balance, excluding proteinuric losses compared to absorbed 
nitrogen for 5 chronic renal insufficient patients and one healthy subject Key ) Subject 1; 
Subject 2; x Subject’ 3: A Subject 4; 4 Subject 5; + healthy individuals, 


Subject 5, however, showed only a rough relationship between dietary and 
fecal nitrogen; consequently, the caleulated value for endogenous fecal nitro- 
gen in Subject 5 is subject to error. Nonproteinuric endogenous urinary nitro 
gen values, shown in Column 5 of Table ILI, were caleulated by subtracting 
the endogeous feeal nitrogen losses from the y axis intercept of each curve 
in Fig. 1. 
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An estimation was made of the minimum nitrogen requirement based on 
data obtained from suitable periods in which negative nitrogen balance ex 
ceeded 10 per cent and proteinurie nitrogen losses were excluded.* Plotting 
the balance on the abseissa and the net absorbed nitrogen on the ordinate, a 
linear relationship of the data may be ascertained as shown by Mitchell® by 
the method of least squares (see Fig. 1). The data for Subject 3 are for a 


~~, 


tients and the healthy subject are for a mixed diet. 


dietary protein source of 100 per cent whole egg; data for the remaining pa 


The intercepts at nitrogen equilibrium and the slope of each curve are 
tabulated in Table IV. The ‘‘x’’ intercept represents the minimum absorbed 
nitrogen required for equilibrium; the ‘‘y’’ intercept shows the endogenous 
nitrogen metabolism of Folin. To test further the former observation, Subject 
5 was studied on a diet calculated to meet nitrogen requirements according 
to the foregoing estimations, and nitrogen equilibrium (ineluding proteinurie 


losses) was demonstrated.} 


TABLE IV. COMPARISON OF MINIMUM NITROGEN REQUIREMENT AND ENDOGENOUS NITROGEN 
CATABOLISM IN RENAL INSUFFICIENT PATIENTS AND A HEALTHY SuBsEctT* 


X INTERCEPT Y INTERCEPT 
MG. PER BASAI MG. PER BASAI B 
PATIENT CALORIE CALORIE SLOPE 


1 3.95 + 0.24 3 0.88 
2 4.91 * 0.23 e 0.88 


3 5.20 + 0.27 : 0.73 


1.23 0.33 3.7% 0.88 


; 8 + 0.14 3.8§ 1.0] 


Healthy subject 2 + 0.18 2.58 0.78 


Y Endogenous nitrogen metabolism 
xX Minimum nitrogen requirement 
*ixcluding proteinuric losses 


Various attempts were made to influence the level of nitrogen metabolism 
in 4 patients. These observations are presented in Fig. 2. When 70 per cent 
of dietary protein was composed of cooked egg albumin in Subject 1 and when 
dietary protein was from mixed sources in Subject 3, there was no significant 
difference from data obtained for a mixed diet in Subject 1 or from the ex- 
clusively whole egg diet in Subject 3. The influence of amino acid supple 
ments was studied. Supplementation with a mixture of the 8 amino acids 
deemed essential by Rose**® resulted in data far to the right of that calculated 
from mixed, unsupplemented diets. Glycine resulted in a somewhat similar 
situation. Methionine seemed to be without influence in one patient. How 
ever, a mixture of L-amino acids, consisting primarily of L-leucine and L-iso 
leucine, showed a nitrogen sparing effect in Subject 3 and no special influence 
in Subject 1 at a level of 400 mg. supplementary nitrogen per day. When this 

*Proteinuric nitrogen varied widely between patients and varied roughly with the dietary 


nitrogen in individual patients Since proteinuric nitrogen is synthesized protein, subtraction 
= this loss from the nitrogen output gives nitrogen requirement data excluding proteinuric 
osses 

tMinimum nitrogen required for equilibrium, including proteinuric losses, expressed as net 
absorbed nitrogen (dietary nitrogen less total fecal nitrogen): calculated, 4.35 meg. nitrogen per 
basal calorie; observed, 4.41 mg. nitrogen per basal calorie; balance: calculated, 0: observed, 
0.89 Gm, nitrogen per day, -9.5 per cent, —0.58 mg. nitrogen per basal calorie. (See Table II, 
Patient 5, last two periods. ) 
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level was increased to 1,000 mg. nitrogen per day and, in addition, 400 mg. gela 
tin nitrogen was given as a supplement, no special influence on nitrogen metabo 
lism was demonstrated in Patient 5. (Table I] 
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Fig. 2 The effect of alterations in the amino acid pattern of dietary nitrogen as com 
pared to ‘ liet of natural foods Curves are derived from the data of Fig. 1 Key 

7 dietary nitrogen derived from purified egg albumin o dietary nitrogen 
derived from a mixed diet compared to curve for diet of 100 per cent whole erg + 100 me 
glycine nitrogen per day; / 400 me. nitrogen per day from a mixture described in T I! 
mnder supplement Cc ‘ 100 me. L-methionine nitroren per day x 1.134 Gm. nitrogen 
from mixture of & amino acids described in Table II > 1,000 me. nitrogen from mixture 
described in Table II, under supplement “C plus 400 me. gelatin nitrogen per day 


DISCUSSION 


The primary clinical derangement in each of the 5 patients in contrast to 
the normal subject was chronic renal insufficiency. The extent and manifesta 
tions varied from few symptoms (Subject 3) to complete disability (Subject 
2). Generally, as the NPN fell the patient improved clinically. The meta 
bolie abnormalities likewise were variable and not in direct accord with the 
clinical state. The sickest patient, clinically (Subject 2), was not the most 
abnormal in terms of nitrogen balance; the minimum nitrogen need does not 
directly parallel the clinical state. It does, however, remain unequivocally 
elevated when compared to the healthy subject and to the data on normal 
subjects in the literature. 
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In all patients and in the healthy subject, nitrogen equilibrium (balance 
to with + 10 per cent of ingested nitrogen) was attained. The high nitrogen 
needs of the chronic renal insufficient patients cannot be explained by pro- 
teinuria alone. Statistical comparison revealed that the values of Subject 1, 
3.95 + 0.24 mg. nitrogen per basal calorie, and Subject 5, 3.84 + 0.18 mg. 
nitrogen per basal calorie, differ significantly from the healthy subject, t = 
3.63 and 4.27, respectively (p — <0.01). Farr®* demonstrated an increased 
nitrogen requirement for children with nephrosis. Based on urinary nitrogen 
measurements, Olbrich'® likewise demonstrated an increased nitrogen require- 
ment in chronic kidney disease. 

The observed minimal nitrogen requirement of 3.32 + 0.18 mg. per basal 
calorie for the healthy subject is equivalent to 2.07 mg. per basal calorie when 
requirements for growth are excluded and the biologie value of the dietary 
protein (derived from the slope of retrogression lines of nitrogen balance on 
absorbed nitrogen intake) is mathematically increased from the observed 78 
to 100 per cent. This is in agreement with other reported minimum nitrogen 
requirements," ** although some of the data by others were obtained on an 
intake of 50 to 60 calories per kilogram compared to 30 calories per kilogram 
in this study. These patients could not consistently consume a diet of higher 
calorie content. 

The explanation for the increased protein requirement of the renal in- 
sufficient patient is not evident from the data available on the subject. Either 
a general reduction in the efficiency of protein utilization or an inereased 
requirement for a given amino acid could have produced the observed differ- 
ences from the normal subjeet.* The data presented here on the effect of 
glycine and the 8 essential amino acids are thought to minimize the first possi- 
bility. Investigations of the second possibility did not produce clear-cut 
results. The amino acid, L-methionine, was thought to be the most likely pros- 
pect as a protein sparer from the experience of others*®-** with its influence on 
nitrogen metabolism together with the observation of excessive urinary losses 
of sulfur in chronie nephritis by Grabfield.“°*? Thus, its effect was investi- 
gated first, but no significant influence was demonstrated. The isoleucine, 
leucine, and methionine mixture seemed to exert a definite, though small, 
nitrogen sparing effect. It has been shown that all the essential amino acids 
of Rose exert a nitrogen sparing effect in normal animals except valine, 
tryptophane, and phenylalanine.** The experiments of Elvehjem*® suggest 
that in any state in which nitrogen intake is inadequate, there is a most limit- 
ing amino acid. Supplementation of the diet with the limiting substance im- 
proves the diet out of proportion to the supplementary nitrogen, but a supple- 
ment of a nonlimiting amino acid accelerates the rate of nitrogen metabolism, 
and, as a result, the limiting factor is more apparent and the diet relatively less 
adequate than before. 

The accelerated destruction of hemoglobin, which has been shown to 
oecur in renal insufficient patients,“* may be a major factor in the greater 


*No distribution of nitrogen excreted in the urine was made. However, paper chromato- 
grams indicated that there was no significant aminoaciduria in these subjects 
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nitrogen requirement of these patients. There is also the possibility that the 
survival of other cells of the body undergoing continuous and extensive re- 
generation, such as the white blood cells and intestinal epithelium, may be 
altered in renal insufficiency. 

These data provide a basis for estimating the approximate protein re- 
quirement of chronic renal insufficient patients as compared to that of the 
healthy subject similarly maintained. The minimal protein requirement from 
a mixed diet, including a factor for growth, is shown in Table V and is based 


on the data obtained on these 5 patients and the normal individual. 


TABLE \ COMPARISON OF NITROGEN REQUIREMENT OF A RENAL INSUFFICIENT PATIENT AND 
A HeALTHY SUBJECT 


FIVE 

PATIENTS NORMAI 

RANGE ) SUBJECT 
Nitrogen/basal ealorie $.35 5.70 3.80 
Protein/Kg. 0.54 0.70 0.49 
Nitrogen/Kg. 0.086- 0.11 0.079 
Nitrogen/Surface Area, M 5.90 £.30 3.20 
Protein/Surface Area, M 24.4 26.9 20.0 


SUMMARY 


Nitrogen balance studies were conducted on 5 renal insufficient patients 
at several levels of protein intake. Similar observations were made on a 
healthy individual. The data indicate that renal insufficient patients mani- 
festing slight to moderate azotemia had a higher than normal endogenous 
nitrogen metabolism and required a higher protein intake for nitrogen equi- 
librium than did the normal subject on the same diet. By means of retro- 
gression curves, it was possible to predict the protein required for nitrogen 
equilibrium. The actual protein requirement for a given patient could not be 
predicted from any of the clinical measurements applied to these patients. 
Limited amino acid supplementation of the basic protein restricted diet failed 


to demonstrate any effect on the nitrogen requirement of these patients. 


We are indebted to Professor H. H. Mitchell for his helpful comments concerning this 
paper and wish to thank Mrs. Ruth M. Strickland, dietitian, for her collaboration and con 


tribution to these studies, 


REFERENCES 


1. Hawley, E. E., Murlin, J. R., Nasset, E. 8., and Szymanski, T. A.: Biological Values of 
Six Partially-Purified Proteins, J, Nutrition 36: 153-169, 1948, 
2. Smuts, D. B.: Relation Between Basal Metabolism and Endogenous Nitrogen Me 
tabolism, With Particular Reference to Estimation of Maintenance Requirement 
of Protein, J. Nutrition 9: 403-433, 1935. 
Hegsted, D. M., Tsongas, A. G., Abbott, D. B., and Stare, F, J.: Protein Requirements 
for Adults, J. Las. & CLIN, Mep. 31: 261-284, 1946. 
Rose, W. C., and Wixom, R. L.: The Amino Acid Requirements of Man. XVI. The Role 
of the Nitrogen Intake, J. Biol. Chem, 217: 997-1004, 1955. 
Watkins, D. M.: Nitrogen and Electrolyte Balance in Hypertensive Patients on a 
Rice Diet, J. Clin. Invest, 29: 851, 1950, 
Bricker, M., Mitchell, H. H., and Kinsman, G. M.: The Protein Requirement of Adult 
Human Subjects in Terms of the Protein Contained in Individual Foods and Food 
Combinations, J. Nutrition 30: 269-283, 1945. 





246 


HERNDON, FREEMAN, AND CLEVELAND J. Lab. & Clin. Med 


August, 1958 


Mitchell, H. H.: Protein and Amino Acid Requirements of Mammals, Albanese, A. A., 
editor, New York, 1950, Academie Press, Ince., p. 8. 


. Borst, J. G. G.: Protein Catabolism in Uremia: Effects of a Protein-free Diet, Infee 


tions, and Blood Transfusions, Lancet 1: 824-828, 1948. 


. Co Tui: The Fundamentals of Clinical Proteinology, J. Clin, Nutrition 1: 233, 1953, 


Forsyth, B. T., Shipman, M. E., and Plough, I. C.: The Relation of Nitrogen Reten 
tion to Nitrogen Intake in Adults With Post-traumatic Malnutrition, J. Clin. 
Invest. 34: 1653-1661, 1955. 


. Werner, 8. C., Habij, D. V., Randall, H. T., and Lockwood, J. 8.: Postoperative 


Nitrogen Loss: A Comparison of the Effect of Trauma and of Calorie Readjust 
ment, Ann, Surg. 130: 688-702, 1949. 

Kountz, W. B., Hofstatter, L., and Ackermann, P. G.: Nitrogen Balance Studies in 
Four Elderly Men, J. Gerontol. 6: 20-33, 1951. 

Kountz, W. B., Hofstatter, L., and Ackermann, P.: Nitrogen Balance Studies in 
Elderly People, Geriatries 2: 173-182, 1947. 


. Shock, N. W.: Some Physiological Aspects of Aging in Man, Bull. New York Acad, 


Med. 32: 268-283, 1956. 


. Olbrich, O.: Nitrogen Balance in Chronic Kidney Disease, Edinburgh M. J. 51: 327-334, 


30. Grabfield, G. P., and Prescott, B.: 
s1. Grabfield, G. G.: 


2. Grabfield, G. P.: 


1944, 

Mosenthal, H. O., and Richards, A. E.: The Interpretation of a Positive Nitrogen 
Balance in Nephritis, Arch. Int. Med. 17: 329-340, 1916. 

Mosenthal, H. O.: Nitrogen Metabolism and the Significance of the Non-protein 
Nitrogen of the Blood in Experimental Uranium Nephritis, Arch. Int. Med. 14: 
844-868, 1914. 

Bauer, W., and Aub, J. C.: Studies in Inorganie Salt Metabolism: Ward Routine and 
Methods, J. Am. Dietet. A. 3: 106-115, 1927. 

Hawk, P. B., Oser, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
ed. 12, Philadelphia, 1947, Blakiston Company, p. 839. 

Hiller, A., MeIntosh, J. F., and Van Slyke, D. D.: The 
Globulin in Nephritis, J. Clin. Invest. 4: 235-251, 1927. 

Mitchell, H. H.: Adult Growth in Man and Its Nutrient Requirements, Arch. Biochem. 

21: 335-342, 1949. 

Mitchell, H. H., and Bert, M. H.: The Determination of Metabolic Fecal Nitrogen, J. 
Nutrition 52: 483-495, 1954. 

Rose, W. C.: Amino Acid Requirements of Man, Fed. Proe, 8: 546-552, 1949. 


Exeretion of Albumin and 


Farr, L. E.: Minimal Nitrogen Requirements of Children With the Nephrotie Syn 
drome, Am. J. Dis. Child. 60: 1324-1341, 1940. 


Williamson, M. B.: 
1-15, 1956. 
Miller, L. L.: The Metabolism of pi-Methionine and L-cystine in Dogs on a Very Low 
Protein Diet, J. Biol. Chem. 152: 603-611, 1944. 

Allison, J. B., Anderson, J. A., and Seeley, R. D.: Some Effects of Methionine on the 
Utilization of Nitrogen in the Adult Dog, J, Nutrition 33: 361-370, 1947. 

Armstrong, 8. H., Jr., Bronsky, D., and Hershman, J.: The Persistence in the Blood 
of the Radioactive Label of Albumins, Globulins, and Globulins of Intermediate 
Mobility. III. Comparison of Die-away Plots Following Oral and Intravenous 
Administration of the S85 Label to the Same Subjects, J. Las. & CLin. Mep. 46: 
857-870, 1955. 


Elvehjem, ©. A.: 


Protein Metabolism During Healing of Wounds, Clin, Chem. 2: 


Amino Acid Imbalance, Fed. Proc, 15: 965-970, 1956. 

Nitrogen and Suifur Metabolism in Bright’s Dis 

ease, Arch. Int. Med. 59: 823-836, 1937. 

Studies on the Nitrogen and Sulfur Metabolism in Bright's Disease, 

J. Clin, Invest. 9: 311-318, 1930. 

Studies on the Nitrogen and Sulfur Metabolism in Bright’s Disease, 

J. Clin. Invest. 10: 309-318, 1931. 

3rush, M., Willman, W., and Swanson, P.: Amino Acids in Nitrogen Metabolism With 
Particular Reference to the Role of Methionine, J. Nutrition 33: 389-410, 1947. 


. Callen, I. R., and Limarzi, L. R.: Blood and Bone Marrow Studies in Renal Disease, 


Am. J. Clin. Path. 20: 3, 1950, 





THE PERSISTENCE IN THE BLOOD OF THE RADIOACTIVE LABEL 
OF ABNORMAL GLOBULINS CONTAINED IN HEAT STERILIZED 
HUMAN PLASMA 


Wituiam H. Perkins, M.D., Cart R. SuavuGuter, M.D., 
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‘ ‘HE high incidence of serum hepatitis following intravenous administration 
ol 


pooled plasma to human beings’ has stimulated the search for, first, 


effective and innocuous plasma substitutes’ and, second, a satisfactory method 


for sterilizing pooled plasma.” * 


ful.! 


Both aims have been only partially success 


In 1948, Gellis and associates*® reported that the virus of serum hepatitis 
can be inactivated by heating for 10 hours at 60° C. a mixture containing 40 
ml. of 25 per cent human serum albumin and 10 mi. of plasma known to be 
icterogenic. Unfortunately, when this method is applied to serum or plasma, 
a coagulum is formed and the electrophoretic properties are altered.' ven 
heating of pooled plasma at 60° C. for only 4 hours causes the plasma to be 
come turbid, forming a precipitate, and is insufficient to destroy the virus.* 
Reeently, Mulford and his co-workers!” "! reported a method for forming a heat- 
stable human plasma protein solution. This involved the preliminary sep 
aration of heat-labile proteins by cold aleohol precipitation. 

The heated plasma used in our study was obtained from a commercial 
souree* and was prepared by a different but relatively more simple method. 
Beeause of its potential clinieal usefulness, we decided to investigate the metab 
olism of the globulins from heated plasma which appear abnormal by electro 
phoresis 

MATERIALS AND METHODS 

The heated plasma was prepared from blood collected with a sodium citrate anticoagu 
lant. The plasma was separated and stored frozen until a sufficient amount had accumulated 
to make up the lot. It was then thawed, clarified, and irradiated, using the latest modifica 
tion of the Oppenheim- Kettering apparatus; the plasma was then defibrinated by the addition 
of sufficient calcium chloride to overcome the effects of the citrate present. The clot which 
formed was removed, and the liquid was passed through a set of clarifying filter pads. Next 
it was passed through a sterilized ion exchange column containing resin in the sodium evel 
to reduce the ealeium content to the normal value. Sterile dextrose was then added to make 


a final concentration of 5 per cent, and the preparation was passed through clarifying and 
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sterilizing filter pads. It was then immediately filled into its final containers, stoppered, 


and heated for 10 hours at 60° C. The lot which we used was processed in October, 1955, 


and was stored at room temperature until used.12 The unheated plasma, also, was obtained 
from blood collected with a sodium citrate anticoagulant. 
The globulins of both heated and unheated plasma were separated from the albumin 


fraction using the Spinco Model CP Continuous Flow Paper Electrophoresis Cell with a 


0.02 M barbital buffer at pH 8.6. The globulin fractions were collected and pooled. The 
pooled globulins represented all the globulins originally present except for an estimated one 
half of the alpha-1 fraction. This amounted to about 2 per cent of all the globulins. By 
protein concentration of pooled globulins could be kept 


suitably adjusting buffer flow, the 
further 


sufficiently high to be used for labeling without removing the buffer and without 
concentration. Approximately 20 mg, each of heated and unheated globulins were labeled 
with J1351 by the technique of Pressman and Eisen, except that dialysis was not 


done to remove the unbound iodine, Unbound iodine was removed by precipitation of the 
globulins with saturated ammonium sulfate. The precipitate was centrifuged at -5° ©, for 5 


minutes and the supernatant decanted. The precipitate was redissolved in normal saline and 
reprecipitated two times, Then 5.0 ml. of heated plasma was added to the labeled heated 
globulins and 5.0 ml. of unheated plasma to the labeled unheated globulins as carrier. In 
both final preparations, approximately 95 per cent of the 1141 present was precipitable by 


trichloroacetic acid 


and about 8 per cent of the originally added radioiodine was protein 
bound. The activity of the final preparations in millicuries per milliliter of protein solution 
was determined with a calibrated electroscope. By precipitation with ammonium sulfate, 
the total time necessary to remove the unbound iodine was about 45 minutes. 

Both final preparations of labeled heated and unheated globulins contained about 4 
to 6 atoms of [151 per molecule of protein. We did not attempt to determine the molecular 
weights of the heated globulins and used published data'4 for normal globulins to determine 
The iodinated globulins were passed through 
by 


the average number of [151 atoms per molecule. 
a Berkfeld filter and determined to be pyrogen-free by rabbit inoculation and _ sterile 
culture before administration. 

For paper strip electrophoresis, a Durrum cell was used with a barbital buffer of ionic 
strength 0.075 and pH 8.6. Twenty to fifty lambda of protein solution were applied to What 
man No, 3 paper strips and electrophoresis was done for 16 hours. The proteins were stained 
with bromphenol blue. Protein fraction concentrations were determined by dye density 
A Nuclear-Chicago D-47 


readings using an Analytrol* with a B-3 cam and blue glass filters. 


gas flow counter and a C-100 Actigraph were used to determine the distribution of the 
iodinated globulins in sera. 

About 200 we of labeled heated globulins were given intravenously to each of 3 patients 
and about 200 we of labeled unheated globulins to each of 2 patients. None of the patients 
vere febrile or had any obvious abnormality of protein metabolism. All were hospitalized 
during the period of study and received 10 to 30 drops of a saturated solution of potassium 
iodide daily, starting 24 hours prior to receiving the iodinated globulins. 

Blood samples and 24-hour urine specimens were collected daily from each patient. 
The blood was allowed to elot, and, after centrifugation, 3 ml. aliquots were removed for 
counting. For determination of protein-bound I'51 in the urine, 1.0 ml. of normal plasma 
was added, as a carrier, to 2.0 ml. of urine 

All counting was done in a well counter, using a thallium-activated sodium iodide 
erystal and a pulse height analyzer. Background counts were approximately 20 per minute. 
\ll samples were counted for sufficient time to give less than a 2 per cent counting error. 

Protein-bound 1131 was determined by the method of Freedberg and associates? using 
3.0 ml. of sera and 2.0 ml. of urine with 1.0 ml. of blood bank plasma added. 


The density curves and radioactivity distribution curves obtained from the filter paper 


strips could be accurately compared because each paper strip was marked with a lead pencil, 


*Spinco Division, Beckman Instruments, Inc., Belmont, Calif 
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the tip of which had been immersed momentarily in a solution containing | . This produced 
au small mark on each density and radioactivity curve which could be superimposed, 

Nhirty four days after completing the study, 15-minute plasma volumes, using | 
labeled human serum albumin,* were done on one patient of each group These were com 


pared with the plasma volumes found using iodinated globulins 


---- UNHEATED PLASMA 
—— HEATED PLASMA 
ALBUMIN 


GLOBULINS 


ALPHA / 
ALPHA 2 
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ig l Comparative electrophoretic patterns of heated and unheated plasma The small 


mark on the extreme right represent pencil mark which could not be superimposed exactly 
because the sample were from two different runs 
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Fig. 2 This illustrates the density and radioactivity distributions of " 1 unheated 
globulins One drop of the labeled globulin preparation was added to 0.5 m of normal sera 
and the resulting mixture subjected to electrophoresis 


RESULTS 


Compared with normal plasma, the heated plasma we used contained rela 


tively less albumin and much more alpha-2 and beta globulin fractions (Fig. 1 


*RISA, Abbott Laboratories, North Chicago, Ill 
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On electrophoresis, the albumins migrated to their usual position and were 
sharply demareated from the globulins. However, the globulins did not separate 
into the fractions usually seen on electrophoresis of unheated plasma. 

The labeled globulins from unheated plasma migrated on eleetrophoresis 
in the same manner as the unlabeled globulins, with close approximation of the 


density and radioactivity distribution eurves (Fig. 2). 


—— DENSITY CURVE 
--—RADIOACTIVITY CURVE 


ALBUMIN 


GLOBULINS 





Fig. 3.—This illustrates the density and radioactivity distributions of labeled heated glob 
ulins One drop of the labeled globulin preparation was added to 0.5 ml. of heated plasma and 
the mixture subjected to electrophoresis 
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 < The radioactivity and density distributions were made from the 15-minute serum speci 
men of a patient who received labeled heated globulins 


The labeled heated globulins also migrated on electrophoresis in a similar 


manner as the unlabeled heated globulins (Fig. 3). However, the density and 


radioactivity curves did not closely approximate each other in vitro (Fig. 4). 


> 


The wider distribution of radioactivity in Fig. 4 as compared with Fig. 3 is 


due to the use of a larger slit over the window of the gas flow counter. 
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I'*' activity was measured in the sera of all patients for 30 days. The de 
cline in radioactivity was plotted on semilogarithmie paper, using the 15-minute 
samples as a 100 per cent value (Fig. 5). Protein-bound ['** determinations 
were made on every third serum specimen, and all showed more than 92 per 
cent of the activity to be protein bound. Protein-bound I'*' determinations were 
made on all urine specimens collected during the first week, and no protein 


bound I'*! was found in any specimen 
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Fig. 5 This illustrates the serum radioactivity decay curves of 2 patients who received labeled 
unheated globulins and 3 patients who received labeled heated globulins intravenously 


The half-times obtained for heated globulins were 11.62, 14.75, and 13.71 
days, and for unheated globulins were 14.71 and 13.54 days. On inspection of 
Fig 5, it appears that there was a more rapid initial disappearance of radio 
activity from the serum of patients who received the labeled heated globulins. 

The plasma volume of the patient who received heated globulins was deter 
mined to be 4,204 ml. using I'*'-labeled human serum albumin and 4,738 ml. 
using I'*'-labeled globulins. The patient who received unheated globulins showed 
a plasma volume of 2,577 ml. using I'*'-labeled human serum albumin and 2,695 


ml. using I**'-labeled globulins. 
DISCUSSION 


The lack of close approximation of the radioactivity distribution and density 
curves of labeled heated globulins in vitro could be due to (1) further alteration 
of the globulins by the labeling or separation procedures or (2) nonuniform 
labeling. We eould find no conelusive evidence that the labeling procedure 
altered the eleetrophoretie mobility of the globulins. When the procedure was 
repeated without I'*' present, the density distributions were the same as for the 
original globulins, except that the globulins migrated a shorter distance, even 
when the pH was brought to 7 by adding 0.1 N NaOH. This effect could have 
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been due to the added sulfate and sodium salts. However, any effect of these 
ions could not explain the in vivo distribution of radioactivity, which closely 
resembled that of the in vitro distribution. 

It is probable that heated plasma contains denatured globulins which re 
main in solution. Observations in this laboratory indicate that denatured pro 
te jodinate more readily than natural, unaltered proteins. Thus, the dis- 
‘:v,aney in the radioactivity and density curves could be due to higher labeling 
hy denatured proteins. 

The plasma volumes obtained using I'*'-labeled human serum albumin, 
heated globulins, and unheated globulins were in fairly close agreement. This 
indicated that no large amount of the globulins were lost during the first 15 
minutes after injection. The patient who received heated globulins was hos 
pitalized for emphysema and lost 12 pounds in weight between the time that his 
plasma volumes were determined using heated globulins and I'*'-labeled human 
serum albumin. Thus, his 11.2 per cent lower plasma volume found using ['*' 
labeled human serum albumin may, in part, have been due to an actual reduetion 
of his blood volume. 

The turnover rates we obtained represent that of the longest lived com 
ponents present in the globulins and are within the normal range reported for 
gamma globulins.'* '* All normal plasma proteins do not have the same turn 
over rates.'* 7° Sinee gamma globulins are heat labile, the long-lived components 
of heated plasma must be largely globulins other than gamma globulins. 

Although their disappearance rates are approximately the same, heated 
globulins appear to equilibrate at a lower level than unheated globulins. Our 
results suggest that about 30 per cent of the heated globulins are metabolized 
much more rapidly than the unheated globulins. However, the difference could 
be due, at least in part, to the removal, by precipitation during heating, of the 
longer lived but heat-labile components. Then, the remaining globulins would 
contain a relatively greater quantity of rapidly metabolized proteins. Since we 
found no protein-bound I'*' in the urine, there is no evidence of loss of globulins 
by this means. 

Although some initial rapid catabolism of heated globulins may oeceur, it 
is obvious that the majority persist in the serum for several days. We were 
able to follow, with good counting rates for 40 days, the serum activity of one 
patient who received heated globulins. This property would seem to be quite 


desirable if heated plasma were to be used as a plasma volume expander. 


SUMMARY 


1. The electrophoretically abnormal globulins contained in heated human 
plasma were separated from albumin by paper curtain electrophoresis. After 
labeling with I'*', the globulins were given intravenously to 3 patients. The 
globulins from unheated plasma were separated and labeled with I'"' by the 
same techniques and given intravenously to two patients. 

2. The serum activities of all patients were followed for a minimum of 30 
days. Disappearance rates of the longest lived components of both heated and 
unheated globulins were within the normal range reported for gamma globulins. 
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3. An estimated one-third of the heated globulins disappeared from the 


serum at a more rapid rate than the unheated globulins. Possible explanations 


for this are discussed. 


!. It appears from this study that globulins from heated plasma persist 


in the serum after intravenous administration for a sufficient time to be useful 


as globulins for plasma volume expansion. 
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PENICILLIN RESISTANCE OF STAPHYLOCOCCL CARRIED BY 
INFANTS AND YOUNG CHILDREN 
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ERSONS carrying penicillin-resistant staphylococci apparently are becom 

ing increasingly numerous in the general population. Although Dowling, 
Lepper, and Jackson' observed some tendency for hospital patients to lose 
their resistant strains after 7 weeks at home, other investigators have reported 
disturbingly high carriage among persons not recently hospitalized. For ex 
ample, Rountree and Rheuben® observed nasal carriage of resistant strains 
among blood donors to increase from 4 per cent in 1949 to 6.5 per cent in 1954, 
and to 13 per cent in 1955. In 1954, Fusillo, Roerig, and Ernst* reported 
17.8 per cent of blood donors to carry resistant strains in their throats and 
6.7 per cent on their skins. 

The above observations apply to the carrier state of adults, and do not 
estimate that of infants and young children. In many hospitals today 90 per 
cent or more of the newborn infants acquire penicillin-resistant staphylococei 
while in the nursery* and some retain the nursery strains for at least a year. 


This implies that children born in recent years may harbor resistant staphylo 


cocci with even greater frequency than the present generation of adults. <A 
survey was conducted to investigate this possibility. 


MATERIALS AND METHODS 
Nose and throat cultures were obtained on 208 healthy children, aged 15 months to 
5 years, at the time they attended or accompanied their siblings to the Well Baby Clinie. 
For comparison, cultures were also taken on 180 healthy older children who attended the 


orthodontic and dental hygiene elinie. They were between 10 and 18 years of age and, 


i 


therefore, born before the extensive use of penicillin in hospitals. 


The child’s experience with penicillin therapy was recorded at the 
were collected, 


time cultures 
Since the older children were seldom accompanied by their mothers, the 


therapeutic information may be less reliable for this group than for the younger age 


group, but each instance of real doubt was noted. 


The swabs were plated immediately on brain heart infusion agar and ineubated for 


48 hours. Cream or golden pigmented colonies were tested for coagulase by the slide 


method, and only those producing it are cited in this report. One colony per culture was 


tested for sensitivity to disks containing 10 units of penicillin, Strains which showed 
inhibition zones of 3 mm. or less were considered resistant while those with zones 8 mm. 


or over were recorded as sensitive. Zones of intermediate width were not observed. 
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RESULTS 


To determine whether the presence of resistant strains might be related 
to the site of carriage and to permit comparisons with the surveys which re- 
port nasal or throat cultures, the nasal and throat culture results are con- 


sidered independently as well as collectively in Tables I, I], and IIT. 


Incidence of Coaqulase-Positive Staphylo occi.—Nasal earriage (Table | 
increased from 31 per cent among infants aged one year to 70 per cent among 
children between 10 and 12, and then fell to about 25 per cent after puberty. 
Such differences between the age groups sampled are statistically significant 
and unlikely to have occurred by chance (x 21.24; P < 0.001). More- 
over, the figures for the first 12 years of life correspond closely with those of 
Cunliffe’ who reported an inerease in nasal carriage from 23 per cent in the 
first vear to 65 per cent between the ages of 8 and 10. 

Throat carriage (Table 1) remained at a fairly constant level among 
children of both age groups. Although it appeared to decline slightly after 
the twelfth year, similar differences could have occurred by chance in samples 


of this size. 


TABLE I. CARRIAGE OF COAG ASE-POSITIVE STAPIL 


t CENT CARRYING STAPHYLOCOCCI IN 
rOoTAI NO. EITHER OR 
AGE IN YEARS CHILDREN ( BOTH 
86 3 68 
71 3 j 69 
29 73 
29 5 5: 68 
20 
86 
57 


id 


The combined nasal-throat carrier rate (Table 1) was similar in children 
under 12 years of age. After the age of 12 it appeared to diminish with in- 
creasing age and this inverse relationship is not likely to have occurred by 
chance (yx 8.68; P 0.04), Staphylocoeci in the throat were responsible 
for the relatively high combined carrier rate of children under 3 years, indi 
cating that throat cultures assess the carrier state more accurately than nose 
cultures at this age. 


Incidence of Penicillin-Resistant Strains—The number of children with 
resistant staphylococci in the nose, throat, or both is shown in Table Il. Forty- 
five per cent of the total group of children under 5 yielded resistant strains 
from either or both sites, while this was true of 18 per cent of the group aged 
10 to 18 years. This difference is highly significant and is not likely to have 


oeeurred by chance ix 30.64; P < 0.001). 


The contrast between these two groups cannot be explained by their dif- 


ferent carrier rates because a similar discrepancy was obtained when only 


those children with coagulase-positive staphylococci were considered (‘Table 
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111). Sixty-four per cent of the younger children whose cultures were posi- 
tive had resistant strains, whereas 32 per cent of the older children yielded 
them. The incidence of resistant strains in nasal cultures of children under 
4 was high (Table IIL) despite the fact that the nasal carrier rate is low at 
this age (Table I 


TABLE II. RESISTANT STRAINS AMONG THE TOTAL NUMBER OF CHILDREN 


PER CENT CARRYING RESISTANT STAPH, IN 


TOTAL NO. 


FITHER OR 
CHILDREN NOSE 


THROAT BOTH 
ss) 
38 
38 


86 
71 
29 
9° ‘ 18 
20 : 10 
10 
Le | 
12 


TABLE III. INcIDENCE OF RESISTANT STRAINS AMONG CHILDREN CARRY 


COAGULASE-POSITIVE STAPHYLOCOCCI 


PER CENT CARRIERS WITH RESISTANT STAPH, IN 
IN YEARS THROAT EITHER OR BOTH 
66 66 
t 
33 50 61 ‘ 
10-14 22 27 } 
14-18 16 37 { 


*While the majority of children whose nasal and throat cultures were both positive yielded 
strains of similar sensitivity from both sites, exceptions were found Nine had a resistant 


strain in the nose and a sensitive one in the throat, while the reverse combination was found in 
16 


Although resistant strains appeared to be somewhat less frequent in the 
nasal cultures of children aged 3 to 5 as compared with those aged 1 to 3 


(Table IIT) this difference is not statistically significant. Similarly, the higher 


incidence of resistant strains among throat carriers aged 14 to 18, as compared 
to those aged 10 to 14 could have been due to chance. 


TABLE IV. RELATIONSHIP BETWEEN PENICILLIN EXPERIENCE AND CARRIAGE OF 
RESISTANT STRAINS 


AGE IN YEARS 1-5 10-18 


PENICILLIN PER CENT OF CARRIERS WHOSE STRAINS WERI 


EXPERIENCE RESISTANT SENSITIVE RESISTANT SENSITIVE 


Yes 42 46 
No 53 


Uncertain 5 


55 
18 36 
6 9 


Contrary to expectation, there was no evidence that previous penicillin 
experience necessarily accounted for the resistant staphylococci obtained from 
either age group (Table IV). Sensitive strains occurred as frequently as re- 
sistant strains among children who had received penicillin. Conversely, chil- 
dren who never had been given penicillin yielded resistant and sensitive 
strains with about equal frequency. 
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In view of the high incidence of resistant staphylococei among the younger 
children, the older children who yielded resistant strains might have acquired 
them from their younger siblings. However, the records indieated that this 
had not been a general rule (Table V). Sensitive strains were somewhat more 
common than resistant strains among those who had siblings under the age of 
10, whereas the reverse was true of those whose siblings were over 10 years 


TABLE V. RELATIONSHIP BETWEEN CARRIAGE OF RESISTANT STRAINS AND SIBLINGS UNDER OR 
Over 10 YEARS oFf AGI 


‘ER CENT CHILDREN AGED 10 TO 14 WITH STAPH. 
SIBLINGS RESISTANT’ SENSITIVE 
Some under 10 
All 10 or over 
None 


DISCUSSION 


This survey demonstrates that young children are now earrying peni- 
cillin-resistant staphylococci with an alarming frequency. It is probable that 
the majority are of nursery origin because (1) staphylococci acquired by new- 
born infants are known to be carried for long periods of time; (2) children 
born prior to the extensive use of penicillin in hospitals do not exhibit this 
high incidence of resistant strains, and (3) carriage of resistant staphylococci 
was not correlated with penicillin experience in this study nor has such a 
correlation been apparent in surveys made on adults.” * Rountree, Freeman, 
and Barbour’ found earriage of resistant strains among blood donors to be 
more closely associated with previous hospitalization and/or penicillin therapy 
than with penicillin therapy alone. 

It is evident from this data that the pediatric value of penicillin for 
staphylococcal infections has greatly diminished. That staphylococeal infee- 
tion is often endogenous in both infants and adults has been substantiated by 
both serologic and phage typing methods.**" If the present generation of 
young children continue to carry their resistant strains indefinitely as has 
been suggested,® many staphylococcal infections in the general population will 
fail ultimately to respond to penicillin. This possibility, together with the 
marked ability of staphylococci to develop resistance to many other anti- 
bioties, suggests that antibiotics may have little value eventually in treating 
staphylococeal infections. Numerous investigators have warned that the 


future value of antibiotics in staphylococeal infection depends on their more 


discriminate usage, particularly in hospitals. Their value may also depend 


upon preventing newborn infants from becoming colonized with resistant 
strains during their stay in the nursery. 
SUMMARY 


A survey was condueted to determine the incidence of penicillin-resistant 


staphylococci among children born in recent years as compared to those born 
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t. 1958 


prior to extensive hospital use of penicillin. Forty-five per cent of the chil 


dren under 5 were found to harbor penicillin-resistant staphylococci, in con 
trast to 18 per cent of the children between 10 and 18 years of age. 

Penicillin resistance of the staphylococci obtained was independent of 
previous penicillin experience. It is postulated that the majority of resistant 
strains recovered from the younger children are of hospital nursery origin 


The future value of antibiotics in treating staphylococcal infection may de 


pend, in part, upon preventing newborn infants from acquiring resistant 
strains while in the hospital nursery. 


[ am indebted to Dr, Ellen Simpson, Dr, Wendell L. Wylie, and Mrs, 


Joanne Kart 
making available the clinical material for this study. 
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THE ALKALINE PHOSPHATASE CONTENT OF HUMAN LEUKOCYTES 
FOLLOWING MARROW SUPPRESSION BY NITROGEN MUSTARD 
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HE early application of the histochemical techniques of Gomori' and 

Takamatsu? to the study of human blood and marrow cells promptly disclosed 
the presence of an alkaline phosphatase in the polymorphonuelear leukocytes. 
Biochemical confirmation and quantitation soon followed. Although preeise 
cellular and intracellular loealization of the enzyme by histochemical methods 
is made difficult by diffusion artefacts,” it is now generally agreed that for mar 
row and blood only the myeloid elements and reticulum macrophages give 
positive staining reactions for alkaline phosphatase. The adult neutrophil has 
been recognized as the major site of the enzyme activity, but little has been 
said coneerning the alkaline phosphatase content of its precursor elements. 
Wachstein® commented on the difficulty of staining marrow preparations for 
alkaline phosphatase but reported nevertheless a much larger number of positive 
cells in the marrow than in the peripheral blood. The positive cells were defined 
simply as leukocytes and no definite statement was made eoncerning the level of 
cellular differentiation. He further suggested that the alkaline phosphatase 


activity of the leukocyte was acquired in the bone marrow. Rheingold and 


Wislocki* demonstrated alkaline phosphatase in the neutrophil, metamyeloeyte, 


and myeloeyte and thought it to be most abundant in the latter. Our histo- 
chemical experience,'® based on the use of sodium alpha naphthyl acid phosphate 
as substrate, showed that the major alkaline phosphatase activity was present 
in the band and segmented neutrophilic polymorphonuclear leukoeytes with 
only traee activity in the late myeloeytes. Mvyeloblasts and promyelocytes gave 
negative staining reactions. Wiltshaw and Moloney" using a modified Gomori 
technique found the alkaline phosphatase confined to the adult and band 
neutrophil in the marrow. Although somewhat contradictory, the cytochemical 
evidence to date suggests that the polymorphonuclear leukoeyte is much richer 
in alkaline phosphatase than its precursors. 

Thus, if alkaline phosphatase is present primarily in the more fully 
differentiated members of the myeloid cells, then enzyme concentration may be 
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a biochemical expression of cell maturity. To test this hypothesis, temporary 
myleosuppression was induced with nitrogen mustard with the aim of achieving, 
during recovery from the hypoplasia, an initial neutrophil population, bio 
chemically immature. Henee, a fall in leukocyte alkaline phosphatase content 


Was anticipated 


MATERIALS AND METHODS 
Three patients suffering from carcinoma of the lung and one patient with advanced 
Hodgkin’s disease were the subjects of this study. Nitrogen mustard (methyl-bis [8-chloro 
ethyl] amine hydrochloride) was administered for therapeutic purposes, ['wo patien re 
ceived a total of 0.4 mg. per kilogram of body weight and 2 patients 0.6 mg. per kilogram 
of body weight intravenously in 2 equal doses, Separation of the leukocytes and the determi 


nation of alkaline phosphatase were carried out as previously described.1 Total leukoeyte 


and polymorphonuclear counts were determined on the same samples drawn for the alkaline 
phosphatase measurements Values of the enzyme activity were expressed in terms of milli 
grams of phosphorus released from the substrate in one hour by 10 polymorphonucleatr 
leukocytes (i.e., all segmented forms No cells young than metamyelocytes were encoun 


tered in the blood of the subjects during the entire p nl of the study. 


ne Phosphotose 





> 33 34 55 3657 38 39 40 


variation from pretreatment levels of leukocyte ilkaline 
polymorphonuclear count 


RESULTS 


The pertinent data derived from this study are shown in Table I. 


Fig. 1 represents a plot of this data in terms of per cent variation from the 
initial pretreatment levels. At first glanee, the familiar response to nitrogen 
mustard is apparent. All 4 subjects displayed a leukopenia, a result primarily 


of granulocytopenia, which became most prominent between the eleventh and 
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sixteenth days after the administration of the drug. The depth and speed of 
the cell count depression were independent of the inital cell numbers or the 
dosage of the drug administered. The cells then stabilized at somewhat higher 
levels for the next 10 or so days; then they inereased rapidly to return to 
pretreatment values. This sequence of events has been adequately deseribed 
in the past and the curves found in this study are essentially identical to those 
shown by Wintrobe."’ It is interesting to note that the change in the peripheral 
blood is due primarily to a change in the number of polymorphonuclear cells 

The alkaline phosphatase values of the polymorphonuclear cells following 
nitrogen mustard administration showed striking changes in opposite direction 
to the counts. The initial pretreatment values of the enzyme were high and 
were probably due to the inflammatory changes accompanying the patients’ 
basie disease processes. During the first few days after treatment there was 
little change in the enzyme content of the polymorphonuclear cells, but as the 
counts began to fall, increasing values of the enzyme were obtained and then 
a sharp rise followed (to at least 100 per cent of pretreatment levels) as the 
low point in the polymorphonuelear cell count was reached. The alkaline 
phosphatase content of the cells then tended to stabilize at these high levels for 
the next 10 or so days, that is, during the period of relative cell count stability 
A sharp decline in the alkaline phosphatase content of the cells to pretreatment 


values then followed as the cell counts returned to their initial levels. 


DISCUSSION 


It is now generally held that nitrogen mustard exerts its cytotoxic effects in 
a manner similar to x-ray irradiation.’*' It is seemingly more toxic to the 


rapidly proliferating cells and, in the bone marrow, produces an edema of the 


hematopoietic elements, cessation of mitotic activity, and ultimately hypoplasia 


or aplasia. The severity of myelosuppression is related to dosage and is re 
versible in the usual therapeutie range.'’ This marrow depression offers a 
reasonable anatomic explanation for the marked reduction of polymorphonuelear 
numbers in the peripheral blood some two weeks after drug administration. The 
rather typieal changes in white cell counts deseribed in this “tudy attest to the 
fact that temporary myelosuppression was produced by ‘he administered 
nitrogen mustard. 

Knowledge of the biochemical changes that follow from the passage of 
radiation or radiomimetie agents through living organisms is still quite frag 
mentary. Excellent reviews of these investigations'*’® are available, but they 
offer no unifying generalizations or conelusions regarding the effeets of radiation 
on the enzymes of living tissue. Available studies on the effects of radiation on 
alkaline phosphatase are meager and yield conflicting results.*° No support 
could be found for the possibility that the changes in leukocyte alkaline phos 
phatase deseribed in the present study are due to a direct effect of nitrogen 
mustard on the enzyme. Further, in view of the time sequence deseribed for 
the alkaline phosphatase changes and their correlation with the changes in 
polymorphonuclear cell numbers it seems highly unlikely that these changes 
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could be due to the direct effect of the radiomimetie agent. The evidenee to 
date** suggests that the enzyme changes which follow radiation are more imme 
diate than those deseribed here. In vitro studies carried out in this laboratory, 
in which isolated leukocytes were ineubated for one hour with varying concen 
trations of nitrogen mustard, showed no change in the alkaline phosphatase 
content of the cell. 

An alternate explanation for the changes in the leukoeyte alkaline phos 
phatase described, would involve an indirect effeet of nitrogen mustard; namely, 
its nonspecific stress effeet on adrenal cortieal activity. We do not believe that 
the course of events deseribed ean be attributed to ACTH action on leukoeyte 
alkaline phosphatase whieh is known to be more immediate in its effect, and 
more short-lived. 

The most likely explanation of the deseribed data rests on the assumption 
that the neutrophil aequires increasing concentrations of alkaline phosphatase 
with physiologic and anatomie maturation. Cytochemical observations in 
support of this hypothesis have already been presented. There is also evidence 
that nondividing cells are capable of enzyme synthesis.*° The neutrophil is 
anatomically a tissue cell in brief transit in the blood stream One may 
postulate that the polymorphonuclear cells are released from the active marrow 
in somewhat immature state, comparable to the reticuloeyte, but, unlike the 
latter, leave the blood stream to reach their final stages of maturity and function 
in the tissues. Further, there is evidence that the total mass of leukocytes in 
the tissues is extremely large * and that cells ean shift from this reserve 
area to the blood stream. Whether all tissue leukoeytes ean re-enter the blood 
stream is still open to question.** There is general agreement, however, that 
there is a large intramedullary reserve of neutrophilie leukoeytes whieh ean 
supply cells rapidly to meet peripheral utilization. Thus, at any moment, the 
leukoeytes in the blood constitute a mixed population of cells of recent and 
older descendents of the myeloid series 

As has been stated, nitrogen mustard acts most vigorously on the rapidly 
proliferating cells. The dampening of cell production should logieally lead to 
a reduction in the younger cell population and leave essentially the mature and 
maturing populations which have eseaped the evtotoxie effect of the drug. At 
the height, then, of the leukopenia that follows the nitrogen mustard adminis 
tration, only mature cells should be present which would explain the rise in 
alkaline phosphatase levels deseribed. This state of affairs should persist 
until such time as marrow activity returns and with the renewed production 
of leukoeytes and the liberation of large numbers of ‘‘younger’’ cells, the 


leukocyte alkaline phosphatase should fall, as was observed. Further studies 


would be required in both elinieal and induced leukopenie and hyperleukoeytic 


states to test the above-postulated relationships of alkaline phosphatase activity 
and maturity. 

Little of significeanee can be deduced from our data concerning the life 
of the white blood cell. 
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SUMMARY 

Significant alterations in ieukoeyte alkaline phosphatase activity have been 
deseribed following nitrogen mustard administration. These alterations, in 
general, moved in opposite direction to the changes in leukocyte numbers. The 
highest levels of enzyme activity were found at the nadir of cell depression. 


Possible mechanisms for these changes have been discussed. It is felt that the 


deseribed findings are consistent with the hypothesis that alkaline phosphatase 


content may be a measure of polymorphonuclear cell maturity. 
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THE RATE OF REMOVAL OF IRON FROM CULTURE MEDIUM BY 
HUMAN BONE MARROW SUSPENSION 
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3yRD S. LEAVELL, M.D. 
(CHARLOTTESVILLE, VA. 


With THE TECHNICAL ASSISTANCE OF Mrs. FLOREINE FITZWATER 


HE purpose ot this report is (1) to deseribe an in vitro method that is suit 


able for a study of the rate of removal of iron from a culture medium by a 


suspension of human bone marrow cells and (2) to present the results that have 


been obtained with this technique. 


METHODS 


The suspension culture technique that was originally deseribed by Osgood and Brown 
lee6 and modified by Lajthat was found suitable for these studies with but slight additional 
modification. The following procedure was used, 

\ 3 ml. sample of bone marrow was obtained in the usual manner from the iliac crest 
or the sternum. Films were made on glass slides for staining and counting and the re 
mainder of the sample was injected into a sterile vaccine type vial containing 18 ml. of 
Heparin-Ringer’s solution at 37° C. After the vial had been centrifuged for 10 minutes 
at 1,500 r.p.m., the supernatant was withdrawn and discarded, Five milliliters of Gey’s 
solution were then injected into the vial and the suspension thoroughly mixed. Standard 
white cell pipettes and 0.1 N HCl were employed to count the nucleated cells present in this 
sample. Since it was found that a concentration of 4,000 to 7,000 nucleated cells pet 
cubie millimeter in the final suspension gave satisfactory results, the initial concentration 
of nucleated cells in the sample was determined and the amount of Gey’s solution neces 
sary to produce a concentration of approximately 8,000 to 14,000 nucleated cells per cubic 
millimeter was added. The culture medium was prepared in each instance from compatible 
serum or from the serum of the patient whose marrow was being studied. 

Lajthat has reported that the serum concentration in the final culture may be varied 
from 20 to 95 per cent. The serum concentration in these studies varied from 20 to 50 
per cent. Desired increases in the serum iron levels in the culture media were obtained 
by the addition of ferric chloride (FeCl,) in 0.85 per cent saline. The concentration of the 
ferric chloride solution was such that it was unnecessary to add more than 0.1 ml. to a 3 
ml, culture in order to obtain the desired iron level. In no instance was the iron binding ea 
pacity of the serum exceeded, The iron content after preparation of the culture medium, 
which consisted of that in the patient’s serum and added iron, was determined by the 
method of Kitzes.7 Radioactive iron (as FeCl,) of high specific activity was then added to 
the prepared culture medium, The final concentration of Fe5® in the suspension culture 
was on the order of 0.007 to 0.01 pe. 
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One and one-half milliliters of the cell suspension containing approximately 8,000 to 
14,000 nucleated cells per cubic millimeter and 1.5 ml. of the prepared culture medium were 
then placed together in a 16 by 100 mm. tube with a vaccine-type stopper The nucleated 
cell count of the final suspension was thus 4,000 to 7,000 nucleated cells per cubic millimeter. 

The number of nucleated red blood cells present was determined from the ratio of 
total nucleated cells of all types to nucleated red blood cells. The range f nucleated red 
blood cells in these eultures was from 2 106 «x 11 106 per 3 ml. culture. The final concentra 
tion of iron available to the individual red blood cell precursors depended both on the level 
of iron available in the culture and the concentration of nucleated red blood cells present 
in the culture. The use of a tube which fit both the roller tube rack and the well of the 
scintillation counter was advantageous as it allowed the entire operation to be carried out 
in the one tube. 

The culture was thoroughly mixed and a final nucleated cell count obtained After 

tubes containing the suspension cultures had remained in a roller tube rack in an ineu 
bator at 37° C, for 24 hours, the activity of each tube was determined in a well-type 
scintillation counter. The tubes were then centrifuged ¢ 00 rp.m. for 10 minutes and 
the supernatant fluid removed and discarded. The cell nn washed 3 times with O.85 
per cent saline Centrifugation was carried out and ati fluid discarded between 
each washing. The activity in the supernatant fluid : h ial washing was found to 
be essentially zero. This supernatant fluid was discarded and 3 ml. of distilled water was 
added to the infranatant cells and thoroughly mixed The activity remaining in the 
suspension Was determined in the scintillation counter 

The absolute number of nucleated cells was 
count and a differential nucleated cell count mad 
time of the bone marrow suspension. As the calculations 
erythrocyte precursor count, the ‘‘averege’’ cell referred 
the activity of the types of red cell precursors present nu 
predominantly polychromatophilie and orthochromie normoblasts. 

The amount of iron removed by the cell suspension from the culture medium in a 24 
hour period may be ealeulated after determination of the specifie activity It should be 
pointed out that the activity, when determined at the end of 24 hours, is approximately 
equally divided between the cellular fraction which contains large numbers of nucleated red 
blood cell preeursors and the supernatant hemolyzate Tubes from which both cells and 
supernatant fluid had been removed showed no residual activity The results indicate only 
the amount of iron removed from the eulture medium in a 24-hour period and do not 
indicate the amount of hemoglobin produced during that period though the latter must 
represent some function of the total iron removed 

The 4 uremic patients from whom suspension cultures were obtained had blood urea 


levels above 150 mg. per cent and were anemic. The clinieal diagnosis in 2 patients Was 


ehronie pyelonephritis and in the other 2 chronic glomerulonephritis. All died subsequently 


of their disease 
RESULTS 


1. The Effect of Decreasing the Concentration of Tron Available in the 
Culture—As the concentration of iron available to the developing red blood 
cell precursor was decreased below a level of 175 to 200 10° gamma per cell, 
the rate of removal of iron from the culture medium by the ‘‘average’’ cell 
decreased (Fig. 1). It will be noted, however, that marked increase in the 


concentration of iron above 175 to 200 x 10° gamma per cell did not result in 


a concomitant inerease in the rate of removal of iron by the ‘‘average’’ erythro- 


cyte precursor. The same data plotted in a different way to show the pereentage 


removal of available iron by the ‘‘average’’ cell are presented in Fig. 2. As the 
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coneentration of iron is decreased below a level of 175 to 200 10°° gamma per 
nucleated red blood cell there is a concomitant increase in the percentage of 
iron removed from the culture by the developing erythrocyte. No difference 
was noted in the behavior of the marrow cells from patients with iron deficiency 
and those from normal individuals. 


1004 


4 


@ 
© 


4 


GAMMA 


0 
/ AVERAGE CELL 724 HOURS 


4 


9 





SED x 
> 


A 
vo 


R 


 . to Ce. OS SF ee ee ee er; 
300 400 500 600 700 800 9300 1000 


IRON AVAILABLE X 10 = GAMMA / AVERAGE CELL 


e IRON DEFICIENCY ANEMIA PS,MH 
IRON DEFICIENCY TREATED 8M 
a NORMAL M.R,LB 


relation of the level of iron in the culture medium to the 


amount removed in ‘ 
hours Kach point represents a separate culture 


i Wy 


AVERA 





A 


a 
=. 


T T T T T YT T 


100 200 300 400 500 600 700 800 900 1000 1100 1200 
IRON AVAILABLE X 10-9 GAMMA /AVERAGE CELL 


e IRON DEFICIENCY ANEMIA PS,MH 
e IRON DEFICIENCY TREATED 8.M 
& NORMAL M.R.,L.B 
Fig. 2 The per cent of available iron utilized in 24 


replotted in this manner to 
iron level is decreased 


hours The data from Fig. 1 are 
show the increasing proportion of available iron removed as the 


2. Failure of Peripheral Blood to Remove Iron From the Culture Medium. 
When peripheral blood was prepared in the same fashion as bone marrow aspira- 
tions, no removal of iron from the eulture medinm could be detected unless the 
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peripheral blood contained nucleated red blood cells or an inerease in the number 
of reticuloeytes. As other investigators have found previously? we found no 
detectable radioactivity in the stroma of peripheral blood cells 

3. The Effects of Sodium Fluoride and of Low Temperature on the Re moval 
of Iron From the Culture Medium.—Sodium fluoride has been shown to inter- 
fere with the active transport of phosphate ions in the mature human erythro 
cyte through its inhibition of glycolysis... A similar inhibition of iron transport 
was demonstrated in suspension culture of human bone marrow eells. Progres 
sive inereases in the molar concentration of sodium fluoride resulted in a step 
wise decrease in the removal of iron from the respective cultures (Fig. 3). Con 
tinued removal of iron from the culture medium could not be stopped com- 
pletely within the molar range of sodium fluoride used. The 0.009 and 0.014 M 
concentrations noted in Fig. 3 produced slight hemolysis and may represent 
slightly lower values than would have occurred in the absence of hemolysis. 
Higher concentrations of sodium fluoride caused marked hemolysis and econ- 
sequent loss of iron to the discarded supernatant. Cultures maintained in the 


refrigerator at temperatures of 4° to 6° C. show essentially no uptake. 
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Fig. 3 Influence of various concentrations of odium fluoride on the percentage of iron 
removed from the culture medium in a 24-hour period For purposes of this figure, the amount 
of iron removed in the absence of sodium fluoride was considered to be 100 per cent and th 
rate is, therefore, expressed as per cent of normal. The 7 cultures were obtained from the 
same subject. Values for NaF concentrations represent final concentration of the inhibitor in 
the culture 

+. Rate of Removal of Iron From the Culture Medium by Cell Suspensions 
Obtained From Patients With Chronic Renal Insufficiency.—Cell suspensions 
prepared from the marrow of patients with chronic renal insufficiency showed a 
consistently low rate of removal of iron from the culture media prepared from 


their own sera. The uptake of iron by the average erythrocyte preeursor was 
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consistently below normal and values varied between 10 x 10°° to 25 x 10°° gamma 
per nucleated red blood cell per 24 hours in the asymptotie portion of the curve 
(Fig. 4 

Although the erythrocyte precursors in these cultures did remove a rela 
tively normal percentage of iron from the culture medium when small amounts 
of iron were available, the rate of removal did not show 


the normal increase 
when the amount of available iron was inereased. 
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Fig. 4 The relation of the level of iron in the culture media of sera from uremic patients 
to the amount removed by marrow cells from the same patients in a 24-hour period The solid 
line representing the curve from Fig. 1 is drawn in for comparison 


DISCUSSION 


The method deseribed permits a study of the rate at which iron is removed 


from a culture medium by a suspension of human red blood cell precursors in 
vitro 


By autoradiographic studies, Lajtha* found no evidence of uptake of 
iron by cells in marrow suspensions other than erythrocyte precursors. He 
coneluded that the lack of appearance of Fe®® in any of the nonerythroid series 
indieated stability and slow turnover of the cytochrome iron in these cells. 
Studies of peripheral blood by Lajtha, and in our laboratory, have failed to 
reveal any nonspecific binding by the stroma of mature red or white blood cells 

In view of the remarkable increase in the percentage removal of iron from 
the culture medium as the available iron is decreased, the serum iron must be 
regarded as readily available to the developing erythrocyte under these culture 
conditions. In studying the uptake of iron by duck erythrocytes, Jensen and 
associates® noted a similar relationship between the quantity of iron available 
and the amount of iron removed from the culture medium. 

The point at which the curve in Fig. 1 becomes asymptotic is at approxi- 
mately 175 x 10°° gamma of available iron per cell per 24 hours. This, then, 
represents the lowest level of iron concentration at which maximal removal of 
iron by the cells in these suspension cultures occurs. Since in the normal person 
27 mg. of iron, with a range of from 21 to 37 mg.,"' are transported in a 24-hour 


period by the plasma, approximately 1.5 x 10" red blood cell precursors could 
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be exposed each 24 hours in vivo to that level of iron which in vitro has been 
found to be the lowest at which maximal removal will occur. It is interesting 
to note that as the life of the red blood cell is of the order of 120 days, approxi 
mately 2 x 10" cells must be removed and replaced daily. 

Recently, Markson, and Rennie* have reported that the proportion of poly 
chromatophilie and orthoechromie normoblasts was significantly less when human 
hone marrow suspensions were cultured in uremie serum than when cultured in 
normal serum. These data suggest either (1) there was a decrease in the number 
of maturing cells or (2) there was a decrease in the rate of individual cell matura 
tion. While methods at present do not afford reliable data as to the numbers 
of cells involved, their results do indicate at least a deerease in the rate of 
maturation of the erythroid precursors. Erslev® has reported a deerease in 
erythropoietin in serum from rabbits made uremic, as well as an inability of 
the uremie rabbits to respond in the usual manner to erythropoietin. These 
observations agree with the present findings of a decreased rate of removal of 
iron from the culture medium by the marrow cells of uremie patients and the 
finding by Finch and associates'’ of a decreased iron utilization in vivo by pa 
tients with uremia. While a decrease in the number of developing erythroeytes 
or a decrease in their rate of maturation may explain our findings, another pos- 
sibility remains. The results obtained with sodium fluoride and at low tempera 
tures suggest that the incorporation of iron by the developing red blood cell 
is energy-dependent and that the energy for the reaction is, at least in part, 
obtained from glycolysis. Rees and co-workers* have reported that in vitro 
erythroeyte equilibration in uremie plasma reveals an inability of the cells to 
maintain normal phosphate and potassium balance. If patients with chronic 
renal disease do indeed have in their sera a substance or substances that will 
interfere with phosphate ester synthesis and potassium balance, the effeet may 
be to reduce the energy potential of the cell and interfere with mechanisms by 
which the transfer of iron from the culture medium to the interior of the red 
blood cell precursor is carried out. Preliminary studies indicate that red blood 
cell precursors from uremic patients do not recover normal activity within a 
period of 24 hours when eultured in normal serum. On the other hand, the 
rate of iron removal by red blood cell preeursors obtained from a normal sub 
jeet and eultured in uremie serum was depressed, Further studies are under 
way to clarify the mechanism involved. 


SUMMARY 


1. A study of the rate of removal of iron from the culture medium by a 
suspension of human bone marrow cells in vitro is presented. 

2. The iron in the eulture medium is apparently readily accessible to the 
developing erythrocyte. 

3. Sodium fluoride in concentrations below those producing hemolysis will 
depress but not abolish the removal of iron from the eulture medium, 


4. The rate of removal of iron from the eulture medium by suspensions 


of cells obtained from patients with chronic renal disease and uremia is signifi- 
cantly below the expected rate. 
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SERUM COMPLEMENT IN CONNECTIVE TISSUE DISORDERS 


Ratpu C. WiuuiaMs, Jr., M.D.,* ann Davin H. Law, LIV, M.D.** 
New York, N. Y. 


ERUM complement has been found to vary from normal in several of the 
connective tissue disorders, including rheumatie fever,' rheumatoid arthri 
tls, disseminated lupus erythematosus, ' and dermatomyositis The present 
paper reports observations on serum complement levels in rheumatic fever, 
rheumatoid arthritis, disseminated lupus erythematosus, scleroderma, dermato 


myositis, and periarteritis nodosa. 


METHODS AND MATERIALS 


Serum complement was determined by the procedure outlined by Fischel! after the 
method of Mayer and associates.' Blood was obtained from patients at the New York 
Hospital, Bellevue Second Medical Division, the New York Postgraduat Hospital, the 
Massachusetts General Hospital, the Boston City Hospital, and the Hospital for Special 
Surgery Bloods were allowed to clot at room temperature and after centrifugation at 2,500 
rp.m. for 3 minutes, 3 ¢.c. of serum was collected and stored at —70° C No serum was 


allowed to remain at room temperature for more than 2 hours. 


The amount of serum complement was determined by interpolation on the curve 


1 
V > - 
( ) ’ where x the amount of comple ment in ov} per cent hemolvtie units and y 
1 ° ° 
~s n 


the degree of lysis could not be assumed to remain constant at 0.2, as ideal condi 
n 
tions, and slopes were caleulated for each serum complement determination. This allowed 
an internal check on the consistency of the hemolytic curves of each specimen and also a 
check on the accuracy of dilution of each sample No values were used with slopes outside 
an arbitrary range of 0.16 to 0.24, except in the case of some disseminated lupus erythema 
tosus sera where large amounts of diluted serum were needed to demonstrate complement 
activity and slopes tended to be low 
I sually 2, and sometimes 3, tubes gave hemolysis between 10 per cent and 70 per cent 
and, therefore, could be accurately interpolated on the 50 per cent hemolytic curve. We 
to average the results of these 2 or 3 dilutions for our final valu Fischels prefers 
to choose the value closest to 50 per cent lysis, but application of this criterion to our data 


” 


did not change our individual results more than 1 to units. 


When an extremely low serum complement level was obtained, normal serum, diluted 


appropriately, was added to it in equal amounts to test for anticomplementary activity. 


RESULTS 


Serum complement determinations were performed upon 123 normal sub 


jects, ages 18 to 60 and of both sexes (Fig. 1 Serum complement levels ranged 
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from 35 to 54 U50 per cent* with a mean normal of 44 U50 per cent + 1 S.D. 
of 4.7. This value for mean normaley is higher than that previously reported 
by Fischel' as 37.7 U50 per cent + 3.9, 1 S.D., but lower than Wedgewood and 
Janeway’s normal® of 47.7 U50 per cent + 13.3, 1 S.D. Several normal subjects 
were tested at varying intervals over a period of 4 months; serum complement 
levels did not vary more than 5 U50 per cent in these individuals. In addition, 
single serum specimens were tested at monthly intervals over a period of 6 


months and were found to vary no more than 2 U50 per cent. 
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Serum complement levels in a group of 123 normal subjects. Mean complement value 
was 44 U50 per cent + 4.7, 1 standard deviation 
Rheumatic Fever.—Serum complement levels were determined in 15 patients 
with acute rheumatie fever. The diagnosis of active rheumatic fever was deter 
mined aecording to the eriteria of Jones.” Serum complement in 15 patients 
during the initial phases of rheumatie carditis ranged from 44 to 104 U50 per 
cent, with a mean value of 55 U50 per cent and median value of 57 U50 per 
cent. Standard deviations are not included because of the wide range of values. 
Serum complement levels of individual patients receiving adrenal corticosteroid 
therapy were noted to fall as rheumatie activity subsided. Occasionally, patients 
appearing clinically well were found to have a secondary rise in serum comple- 
ment levels when corticosteroid therapy was discontinued. 


Rheumatoid Arthritis—Serum complement levels were studied in 48 pa 


tients with rheumatoid arthritis (Fig. 2). Patients were divided into 3 groups 


on the basis of clinical and laboratory findings. 
Severe activity: (Stages IIT and TV by Ameriean Rheumatism Association 
Classification) This group showed elevations of temperature above 38° C., 


*U50 per cent refers to 50 per cent hemolytic units of complement per milliliter of serum, 
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multiple active joint involvement with synovitis and effusions, and sedimenta 
tion rates above 40 mm per hour (Wintrobe They were confined to bed be 
cause of joint pain and fixation. 

Moderate activity: (Stage Il, A. R. A.) These patients had temperatures 
7 


of 37 to 38° C., one or more joints involved in active synovitis, sedimentation 


rates between 20 and 60 mm. per hour (Wintrobe), and were ambulatory. 


Vild activity: (Stage I, A. R. A This group had no fever, one and 
oceasionally two joints involved with capsular thickening or minimal effusion 
(but few signs of active synovitis), and sedimentation rates of 15 to 40 mm. 


per hour (Wintrobe). They also were ambulatory patients. 
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2 Range of serum complement levels in 48 patients with rheumatoid 


Serum complement levels in the entire group ranged from 42 to 97 U50 
per cent + 12, 1 S.D. The range of serum complement levels in 7 patients 
classified as severe was 59 to 88 U50 per cent, with a median value of 73 U50 
per cent. Twenty-eight patients with moderate rheumatoid activity had serum 
complement values from 49 to 97 U50 per cent with a mean of 69 U50 per cent 
and median of 67 U50 per cent. Thirteen patients with mild rheumatoid activity 
were found to have a range of serum complement values from 42 to 73 U50 
per cent with a mean and median of 58 U50 per cent (Figs. 2 and 6). A sug- 
gestive relationship between the degree of activity of the rheumatoid process 
and the elevation of serum complement is noted in comparing the 3 groups, but 
the only significant difference is found in comparing the mild eategory with the 


moderate or severe groups (P<0.01). 
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In two patients treated with ACTH and adrenal corticosteroid, serum com 
plement levels were noted to decrease after the institution of treatment. Four 


of 8 patients who responded clinically to gold therapy continued to have elevated 


serum complement levels, while 4 showed decreasing levels with clinical improve 
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ment. 
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Fig. 3.—Serum complement levels in 58 patients with disseminated lupus erythematosus 


Disseminated Lupus Erythematosus.—One hundred and fifty-seven deter 
minations of serum complement were performed in a series of 58 patients with 
disseminated lupus erythematosus (Fig. 3). All patients studied showed positive 
lupus erythematosus preparations at some time in their course. Patients were 
divided into two groups—one representing the active disseminated phase, the 
other consisting of patients considered to be in remission. 


Active disseminated lupus erythematosus: Patients were placed in the 
active group on the basis of clinical and laboratory evidence, i.e., skin rash, 
arthritis, temperature of 38° C. or above, purpura, serositis, elevation of sedi 
mentation rate above 20 mm. per hour (Wintrobe), anemia, and evidence of 
active renal involvement as manifested by albuminuria and casts, red cells, 
and white cells in urinary sediment. 

Remission—disseminated lupus erythematosus: Patients classified as be 
ing in remission were either those undergoing spontaneous clinical remission or 
those who were well controlled on adrenal corticosteroid and salicylate therapy. 

In the active group which comprised 44 patients, the mean serum comple 
ment level was found to be 24 U50 per cent + 8.9, 1 8.D. This is significantly 
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below the normal mean of 44 U50 per cent (P<0.01). Determinations on the 
sera of 34 patients during remission gave a mean value of 53 U50 per cent 
11.6, 1 S.D. Slow inereases in serum complement levels were noted in asso 
clation with a transition from the active phase to one of remission, whether 
spontaneous or drug-induced. Patients with active disseminated lupus who 
failed to show remission during corticosteroid therapy continued to have 
subnormal complement levels. Of particular interest are 3 patients with rheu 
matoid arthritis who presented positive Hargreaves’ preparations at some time 
in their course in association with elevated sheep cell agglutination titers. 
Sera tested at the time lupus erythematosus cells were demonstrable showed 
complement values ranging from 47 to 76 U50 per cent in 6 determinations 
These levels were in the range of the 48 patients tested with rheumatoid 
arthritis, and far above the range noted for active disseminated lupus. 

Three patients were studied who underwent spleneetomy for thromboe 
topenia associated with disseminated lupus erythematosus. All 3 had a rise 
in serum complement level to normal and supranormal levels with good platelet 
response after splenectomy. However, two of these patients later showed low 
serum complement values as their disease became active with other viseeral 
involvement. 


SCLERODERMA WITHOUT CORTICOSTEROID 
RX. 


4 
3 
2 





oo oollohia 


SCLERODERMA WITH CORTICOSTEROID RX 


T ee T | | | T T T 1 


20 30 40 50 60 
SERUM COMPLEMENT IN U 50% 


Fig. 4 Serum complement levels in 30 patients with scleroderma 
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Scleroderma.—Thirty patients with well-documented scleroderma were 
studied (Fig. 4). Those receiving maintenance adrenal corticosteroid therapy 
were compared with those not under such therapy. In 9 corticosteroid-treated 
patients, the mean serum complement value was 50 U50 per cent with a range 
of 41 to 64 U50 per cent, whereas in the 22 patients who were not receiving 
corticosteroids, the mean was 48 U50 per cent + 8.8, S.D., with a range of 
283 to 66 U50 per cent (Fig. 4). No significant difference was noted between 


these two groups and normal individuals, or between the two groups themselves. 
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Fig ) Confidence intervals and means of groups of patients with connective tissue 
diseases A significant difference is noted between means of two groups when there is no 
overlap in confidence interval 
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Fig. 6 Ranges and median values of serum complement in groups of connective tissue dis- 
eases studied 
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Periarteritis Nodosa and Dermatomyositis.—Five patients with periarteritis 
nodosa were studied. In each instance, the diagnosis was proved by biopsy or 
at autopsy. Serum complement values ranged between 49 and 65 U50 per cent. 
This series was too small to attempt a correlation of complement levels and 
disease activity. 

In 10 determinations on 7 patients with dermatomyositis, serum complement 
values ranging from 96 to 36 U50 per eent were found. The value of 96 U50 
per cent was present in one patient during an acute exacerbation of her derma- 
tomyositis. The serum complement level subsequently fell to 35 U50 per cent 
during corticosteroid-indueed remission. At autopsy, 144 years later, wide 


spread ovarian carcinoma was found in addition to chronie dermatomyositis. 


Comparison of General Groups.—Confidence intervals were determined by 
plotting the mean and two standard errors of the mean in each group of patients 
studied. Significant differences in means were apparent when no overlap in 
confidence intervals occurred (Fig. 5 


The range and median in each group are presented in Fig. 


DISCUSSION 


Serum complement levels were found to be elevated in acute rheumatic 
fever and rheumatoid arthritis. Active disseminated lupus erythematosus was 
found to be associated with low levels of serum complement; when a remission 
of disseminated lupus erythematosus was achieved, the serum complement levels 
rose to normal or supranormal levels. Differences in these groups were shown 
to be statistically significant using the confidence interval technique.’ There 
was a significant difference between the mean serum complement levels found 
in active disseminated lupus erythematosus and the mean serum complement 
level obtained in rheumatie fever, rheumatoid arthritis, seleroderma, and dis- 
seminated lupus erythematosus in remission. 

There has been some disparity among earlier investigators as to changes in 
serum complement levels in acute rheumatic fever. Initially low levels in the 
acute phase of rheumatic fever were reported by Veil and Buecholz,'' Rachmile- 
witz and Silberstein,? and Coburn.'*? Goldberg and DeGara™ found normal to 
slightly deereased serum complement levels in their eases of active carditis. 
Our data in rheumatie fever are in agreement with the more recently published 
work of Fischel' and Wedgewood and Janeway® who noted elevations of serum 
complement with rheumatie activity. In addition, our results are in accordance 
with the data published concerning rheumatoid arthritis by Vaughan and asso- 
ciates® and Wedgewood and Janeway® reporting complement elevations with 
rheumatoid activity. Low serum complement values in disseminated lupus 
erythematosus have been reported previously by Elliott and Mathieson* and 
Wedgewood and Janeway.°® 


Little is known concerning the mechanism of serum complement increase or 


decrease in the connective tissue disorders. If complement were uniformly 


increased, a nonspecific reaction to the various inflammatory processes might be 
postulated. This in faet may be the ease, since serum complement is involved 
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in numerous immunologically detectable responses to inflammation invoked by 
infection. Rises in serum complement levels have also been noted in association 
with the inflammatory response to myocardial infarction’ and malignaney.' 

One of the most widely held explanations for serum complement depression 
in any disorder is the hypothesis that antigen-antibody reactions fix complement 
both in vitro'® and in vivo.’ Diminution of serum complement has been re 
ported in instances of serum sickness and penicillin reactions.‘ 

Other possibilities exist to account for decreased serum complement in such 
diseases as disseminated lupus erythematosus. Decreased ability to produce 
serum complement could be postulated. This does not seem likely; several ot 
our patients with the superimposed stress of infection or trauma showed an 
ability to raise their serum complement from previous low levels. 

Apparent decreases in serum complement may be due to the presence of 
anticomplementary substances in the sera. In our patients, sera were spot 
tested for anticomplementary activity, and none could be demonstrated. Anti 
complementary activity has been attributed to increased gamma globulin com 
ponents by Vaughan, Bayles, and Favour,'* who studied simultaneous variations 
in serum complement and gamma globulin, noting an inverse relationship. How 
ever, these authors did not feel that such a simple explanation for low serum 
complement levels in disseminated lupus erythematosus was warranted because 
elevations of gamma globulins were not associated with low complement levels 
in other disease states such as rheumatoid arthritis. In our patients, 15 sera 
with very low serum complement levels were subjected to electrophoresis in 
order to estimate gamma globulin content. Eight of these sera showed moderate 
increase in gamma globulin content, but in no way as great as the increases in 
gamma globulin in 15 sera from patients with rheumatoid arthritis who had 
elevated serum complement levels. 

A correlation appeared to exist between very low serum complement levels 
in disseminated lupus erythematosus and extensive skin or renal involvement 
This may reflect merely the activity of the disease process itself and does not 
seem to be the specific criterion for serum complement depression. It is of 


interest to note that acute glomerulonephritis and the nephrotie syndrome have 


been reported to be associated with marked depressions in serum complement 


levels.1°-24 


SUMMARY 


1. Serum complement determinations using the 50 per cent hemolytic 
method were earried out on 123 normal subjects and a series of patients with 
various connective tissue disorders. 

2. Normal levels of serum complement were found to vary about a mean 
of 44 50 per cent hemolytie units + 4.7, 1 standard deviation. 

3. Elevated serum complement levels were found in patients with rheu- 
matoid arthritis and acute rheumatie fever. 

4. Low serum complement levels were present in patients with active 
disseminated lupus erythematosus; these low levels returned to normal as 


patients went into spontaneous or drug-induced remission. 
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». Patients with scleroderma did not show serum complement levels sig 


nificantly different from those of normal subjects. 


6. Patients with active dermatomyositis and periarteritis nodosa exhibited 


clevations of serum complement. 


We are indebted to Dr. I. D. J. Bross for help in the statistical methods used in this 
paper. Dr. A. W. Duryee of the New York Postgraduate Hospital furnished us with blood 
from many of the scleroderma patients studied. Dr. H. Barnett, Professor of Pediatrics, 
Albert Einstein College of Medicine, provided valuable suggestions in the course of this 
vork 
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THE MECHANISM OF ACTION OF PREPARATIONS OF THROMBIN ON 
HEMOLYSIS OF RED CELLS FROM PATIENTS WITH PAROXYSMAL 
NOCTURNAL HEMOGLOBINURIA 


CarL F. Hinz, Jr., M.D. 
CLEVELAND, OHIO 


With THE TECHNICAL ASSISTANCE OF M. JANE DALLAS 


HE addition of commercially available preparations of bovine thrombin 
to normal human serum in vitro results in marked augmentation of the 
hemolytie activity of the serum for red cells from patients with paroxysmal 


nocturnal hemoglobinuria (PNH). It has been suggested that this effeet may 


result from decreasing the activity of an inhibitor of PNH hemolysis in nor 
mal serum.! 


In the present studies, thrombin preparations which were altered so that 
they were almost devoid of clotting activity had the same effect on PNH he 
molysis as preparations with active clotting properties. All the preparations 
tested agglutinated both normal and PNH cells. Sinee PNH cells are markedly 


susceptible to hemolysis by agglutinating antibodies, these observations sug 


gest that antibodies to red cells present in thrombin preparations are responsi 
ble for the effect of thrombin on the hemolysis of PNH erythrocytes. 


MATERIALS AND METHODS 
Seruwm.—Fresh serum of the same or compatible ABO blood group was obtained from 
healthy donors by defibrination of venous blood with glass beads. Serum was obtained within 
24 hours of use and stored at 4° C. 
Erythrocytes.—Red cells were obtained from two patients with PNH, one of blood group 
Case 1) and one of blood group O (Case 2). Red cells were stored for not more than 
7 days in modified Alsever’s solution (41.0 Gm. glucose, 16.0 Gm. sodium citrate, 8.2 Gm. 
sodium chloride, adjusted to pH 6.1 with 10 per cent citric acid, and diluted to 2,000 ml. 
at 4° ©. At the time of use, ervthrocytes were washed 3 times in isotonic sodium chloride, 
and finally suspended to a concentration of approximately 35 per cent in isotonie sodium 
chloride. 
Hemolytic System.—Normal human serum was acidified to pH 6.8 with N/7 HCl, and 


one-tenth volume of 2 times osmotic imidazole buffer at pH 6.8 was added as previously 
deseribed.2. The total amount of diluent added to serum was always kept below 50 per 
cent of the original serum volume because further dilution resulted in marked decrease in 


hemolysis of PNH red cells. Ten volumes of serum mixture were added to one volume of 


cell suspension in the final test system. Incubation was at 37° C. for 30 minutes. 
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The degree of hemolysis was determined by measuring colorimetrically the hemoglobin 
released into the serum and expressing the pigment released as the percentage of test cells 
hemolyzed. Hemolysis at pH 8 (+ 0.2 pH unit) was tested using serum from defibrinated 
blood without any adjustment of the pH, but with addition of isotonic sodium chloride to 
make the dilution the same as that used at pH 6.8. 

Agglutination of cells was determined by macroscopic inspection after centrifugation 


at 1,800 g@ for 2 minutes, and was scored from (0 to 4+ 


Thrombin.—Solutions of bovine thrombin were made in isotonic sodium chloride from 
preparations that were available commercially Three separate samples of Parke-Davis 
Thrombin Topical and one sample of Upjohn Thrombin were tested. Each of these samples 
gave reproducible results in the PNH hemolytic system. Thrombin preparations were 
diluted so that the desired amount was contained in one-tenth the volume of serum used. 
Although 50 units of thrombie activity per milliliter of serum have been used in the 
thrombin test as described by Crosby,! as little as 10 units of thrombie activity per milli 
liter had an effect on PNH hemolysis equal to the larger amount. Excessive amounts of 
thrombin are anticomplementary and inhibit PNH hemolysis. In the tests reported here 
thrombin solutions were diluted so that 0.1 ml. contained either 10 or 50 units of thrombie 
activity for clotting. Solutions of thrombin heated at 56° C. for 30 minutes contained 
less than 0.3 per cent of the activity of the original material in clotting a solution of 
fibrinogen. Solutions containing 100 units per milliliter of thrombie activity for clotting 
were adsorbed with an equal volume of packed normal human erythrocytes for 60 minutes 
at 4° ©, with frequent mixing. A single adsorption resulted in loss of 0 to 15 per cent 
of thrombie activity. 

A preparation of human thrombin, kindly supplied by Dr. E. B. McLean of Cutter 
Laboratories, was treated and used in the same manner as the bovine thrombin prepara 
tions 

The thrombie activity of the various preparations was determined by measuring the 
time of the initial appearance of a fibrin clot when 0.2 ml. of a solution containing 400 
mg. per 100 ml. of human fibrinogen (Cutter) was mixed at 37° C. with 0.2 ml. of the 
preparation to be tested.1¢ Dilutions of the preparation to be tested were made in 0.15 
M barbital buffer containing 0.00015 M CaCl, at pH 7.4. Comparisons of thrombie activity 
were based on dilutions of the thrombin preparations that resulted in clotting in 20 to 30 
seconds under the above conditions. Activity of the test preparations was derived from a 
standard curve of activity plotted each day, using dilutions of a thrombin preparation of 
known activity. 


Properdin Measurement of properdin in thrombin preparations was performed 


according to the method of Pillemer and associates’ on dilute solutions of thrombin since 


I 


activity was demonstrated in any of the thrombin preparations. This is in contrast to 


ligh concentrations of thrombin interfere with measurement of properdin. No properdin 


previously reported® observations in which properdin activity was demonstrated in some 


preparations of thrombin. 
RESULTS 
Bovine Thrombin. 


1. Effect of preparations of bovine thrombin on hemolysis and agglutination 
of PNH and normal erythrocytes: At pH 6.8 normal human serum hemolyzed 
28 per cent of the erythrocytes from Case 2 (Table 1), and there was no aggluti- 
nation. Addition of 50 units of a bovine thrombin preparation per milliliter 
to this serum resulted in an inerease in the hemolysis to 44 per cent. Marked 
agglutination was observed when the bovine thrombin was added. Normal cells 


were agglutinated to similar degree, but were not hemolyzed. Group A and 


group O erythrocytes were affected similarly. 
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Although hemolysis of PNH eells by normal serum is minimal or absent at 
pH 8, hemolysis of PNH cells by isoantibodies occurs regularly at pH. 8. Addi 
tion of bovine thrombin to serum at pH 8 caused marked hemolysis of PNH 
cells, agglutination of PNH and normal cells, but no hemolysis of normal cells. 


TABLE I. Errect or A PREPARATION OF BovINE THROMBIN ON PNHL AND NoRMAI 
ERYTHROCYTES 


PNH CELLS (CASE 2 NORMAL CELLS 
HEMOLYSIS (% AGGLUTINATION | HEMOLYSIS (% AGGLUTINATION 


pH 6.8 


Serum 


Serum + thrombin 
50 units per 
mil. 


pH 8.0 


Serum 


Serum + thrombin 
50 units per 


ml 


TABLE II. COMPARISON oF Errect oF ANTI-A ISOANTIBODY AND A PREPARATION OF BOVINE 
THROMBIN AT pH 8 ON Group A PNH ANb NorMAL Rep CELLS 


GROUP A PNH CELLS (CASE 1) GROUP A NORMAL CELLS 
HEMOLYSIS /, AGGLUTINATION HEMOLYSIS (% AGGLUTINATION 
pH 8.0 
Serum 
Serum + anti-A 
Serum + thrombin 


rasBLe IIL. Greatest DILUTION OF A PREPARATION OF BovINE THROMBIN SOLUTION AND 
AnTI-A ISOANTIBODY IN NORMAL HoMOLOGOUS SERUM AFFECTING Grour A PNH 
AND NORMAL Rep CELLS AT pH 8 


DILUTION OF REAGENT IN GROUP A SERUM 
GROUP A PNH CELLS (CASE 1) GROUP A NORMAL CELLS 
HEMOLYSIS AGGLUTINATION HEMOLYSIS AGGLUTINATION 
pH 8.0 
Thrombin 
initial concen 
tration 50 units 
per mil. 1/32 1/32 1/32 
Anti-A 1/128 1/128 1/2 » 1/128 
*No hemolysis of normal cells occurred when 50 units of thrombic activity was added to 
erum 


2. Comparison of the effect of preparations of bovine thrombin and isoanti- 


body on hemolysis of PNH cells: As seen in Table II the effect of preparations 
of bovine thrombin and anti-A isoantibody (contained in group O serum) on 
the hemolysis of type A PNH cells at pH 8 was qualitatively similar. Addition 
of either the thrombin preparation or anti-A resulted in marked hemolysis of 
PNH cells and agglutination of both normal and PNH eells. Serial dilution of 
a preparation of bovine thrombin in normal compatible serum resulted in dis- 
appearance of the agglutinating and hemolytic activities for PNH cells at ap- 
proximately the same degree of dilution, 1 to 32 (Table IIT). Serial dilution 
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Thus, 


the hemolytic property for PNIIL cells of a preparation of bovine thrombin and 


of anti-A isoantibody from normal group O serum gave similar results. 
of a known antibody disappeared at the same degree of dilution as the aggluti 
nating property. 


3. Inactivation of bovine thrombin by heat: The effeet of a solution of 
bovine thrombin on the hemolysis and agglutination of PNH cells at pH 6.8 
and 8.0 was unaltered by heating the thrombin at 56° € This 
oceurred even though the residual thrombie activity lor clotting was reduced to 


Table IV 


for 30 minutes. 


less than 0.3 per cent of the unheated control 


TABLE LV. Errect or HEATING BovINE THROMBIN PREPARATIONS 


THROMBIC ACTIVITY 
PNH ¢ PER CENT O} 
HEMOLYSIS ORIGINAT 


pH 6.8 


Serum 
Serum thrombin 
50 units per ml 


serum 


85 


+ heated thrombin S4 

i. Adsorption of bovine thrombin with human erythrocytes: As indieated 
in Table IIT, the preparations of bovine thrombin used had a marked effect on 
hemolysis of PNII cells at a much lower concentration than 50 units of thrombie 
activity per milliliter. Addition of 10 units per milliliter of serum (0.1 ml 
of a solution containing 100 units of thrombie activity per milliliter) resulted 
in marked inerease in PNH hemolysis. When a preparation of bovine thrombin 
containing 100 units per milliliter was adsorbed one time with an equal volume 
of packed human erythrocytes at 4° C. for 60 minutes, there was a marked de 
crease in the property of this partially adsorbed preparation to cause agglutina 
tion and to increase hemolysis of PNH erythrocytes when it was added to serum 


(Table V) 


ing adsorption compared to the large decrease in activity 


There was only minimal loss of thrombie activity for elotting follow 


for hemolysis and 
agglutination 


TABLE \ COMPARISON OF ACTIVITY OF BOVINE THROMBIN PREPARATIONS BEFORE AND APTEI 


ADSORPTION BY NORMAL HUMAN Rep Ct 


PNH CELLS (CASE 2 


rHROMBI« 
ACTIVITY 
AGGLUTINA PER CENT 
TION TLON ORIGINAT 


pH 6.8 pit Q 


HEMOLYSIS AGGLUTINA HEMOLYSIS 
Serum - 0 0 
Serum thrombin 
(10 units per ml. 
Serum adsorbed 
thrombin 
per ml 


10 units 


Preparation of Human Thrombin.—A preparation of thrombin made from 


human plasma (Cutter) was observed to cause augmentation of hemolysis of 


group A, but not of group O PNH erythrocytes. Agglutination of group A cells 
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from normal persons and from the PNH patient was observed, but no agglutina 
tion of group O cells oceurred. The effect on group A cells was markedly re 
duced by addition of A substance to the human thrombin preparation, or by 
adsorption of human thrombin with normal group A red cells but not by group 
QO cells. Thrombie activity was not altered by these procedures. The human 
thrombin preparations were difficult to standardize in these systems because they 
had marked anticomplementary properties which were altered in variable fashion 
by heating and other manipulations. Therefore, it was not possible to determine 
conclusively that the effeet of human thrombin was due only to its content of 
anti-A isoantibody. 


DISCUSSION 


Normal serum causes marked hemolysis of PNH erythrocytes at pH 6.8, 
but has minimal or no effect at pH 8.0, 


This hemolytic activity requires the 
properdin system.’ 


No agglutination oceurs and antibodies have not been 
demonstrated to be essential or involved in this hemolytic reaction. However, 
PNH cells are hemolyzed by certain antibodies to red cells in amounts sufficient 
to cause only agglutination of normal cells.* This reaction requires comple- 
ment, occurs at pH 8.0 as well as pH 6.8, and does not require properdin. 
There is no cemonstrated relationship between the inereased susceptibility 
of PNH cells to hemolysis by antibodies and the defeet causing hemolysis of 
PNH cells by normal serum in the properdin system. 

Preparations containing bovine thrombin added to compatible human 
serum caused a marked inerease in the hemolysis of PNH cells at pH 6.8 and 
caused considerable hemolysis of PNH cells at pH 8. Those preparations also 
produced agglutination of normal and PNH cells of group A and group 0, 
but did not cause hemolysis of normal cells. When thrombin was diluted 


serially in normal serum the hemolytic effect and agglutinating property for 


PNH cells disappeared at the same degree of dilution. Human isoantibodies 
affeeted PNH cells similarly. Because of the marked difference in suscepti- 
bility to the action of antibodies between PNH and normal cells, it appears 
that the effect of bovine thrombin was due to amounts of heterophil antibody 
sufficient to result in lysis of PNH eells but insufficient to hemolyze normal 
cells Large concentrations of preparations of thrombin fail to result in he 
molysis because they are anticomplementary, even though they cause marked 
agglutination. Heating at 56° C. for 30 minutes almost completely destroys 
thrombie activity for clotting, but does not inactivate heterophil or isoanti- 
bodies. Heating had no effect on the hemolytic activity of bovine thrombin 
preparations on PNH cells. Adsorption of preparations of bovine thrombin 
with human red cells resulted in parallel and marked deerease in hemolytic 
and agglutinating activities for PNH cells, but there was minimal loss of 
thrombie activity for clotting. 

Observations on a preparation of human thrombin offered some confirming 
evidence. This preparation caused agglutination and augmented hemolysis 
of group A but not of group O PNH cells. This activity was diminished by 
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adsorption of the preparation of thrombin with normal group A cells or by 
addition of A substance, with slight or no decrease in thrombie activity. These 
data suggest that the naturally occurring anti-A isoantibody, present in pooled 
normal plasma from which thrombin is made, may have been responsible for 
the hemolytic effect of human thrombin on PNH hemolysis. Conclusive proof 
was not possible because of the interfering anticomplementary properties of 
human thrombin. 

These observations distinguish between the effect of preparations of 
bovine or human thrombin on PNH cells and the thrombie activity as related 
to the clotting mechanism. Thus, the effects on PNH cells were markedly 
reduced by adsorption or neutralization of antibody, with little or no effect 
on thrombie activity. Virtually complete inactivation of thrombie activity 
occurred on heating, although there was no alteration of the hemolytic effect 
on PNH cells. 

These findings fail to support the concept that thrombie activity per se 
plays a part in the hemolysis of PNH red cells. It seems more likely that 
preparations of bovine thrombin contain a heterophil antibody and that prepa- 
rations of human thrombin contain an isoantibody that inereases hemolysis 
of PNH red cells. It has been variously proposed that AC globulin, thrombin, 
or unknown factors are responsible for PNI lysis or act to remove possible in 
hibitors of the PNH reaction from serum.” * These conelusions were based in 
large part on the effect of preparations of thrombin or of AC globulin that 
were observed to increase PNH hemolysis. Present studies indicate that all, 
or most, of the effects on PNH hemolysis of thrombin preparations available 
commercially are unrelated to their activity for clotting, but are due to their 
content of antibodies to red cells or to antibody-like substances. 

Although thrombin preparations tested and reported earlier from this 
laboratory contained properdin activity," subsequent preparations have not 
contained measurable properdin activity. Others have indicated lack of 
properdin activity in thrombin preparations.*® It cannot be determined 
whether the effect of the earlier reported preparations was due to properdin 


or to antibody to red cells, for they were not tested for agglutinating activity. 
It is unlikely, however, that the effeet of bovine thrombin is due to properdin 


as suggested earlier.‘ 


It appears warranted to conclude that the addition of bovine thrombin 
to human serum serves as a diagnostic aid in paroxysmal nocturnal hemo- 
globinuria beeause it adds a heterophil antibody which hemolyzes PNH eells 
but does not hemolyze normal red cells. This does not detract from its diag- 
nostie usefulness, although similar results could be obtained using sera econ- 


taining isoantibodies, or animal sera containing antihuman red cell antibodies. 


SUMMARY 


1. Four preparations of bovine thrombin agglutinated human erythrocytes. 
One preparation of human thrombin agglutinated group A but not group O 


erythrocytes. 
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2. The augmentation of hemolysis of PNH cells in normal serum by prepa- 
rations of bovine and human thrombin paralleled the agglutinating activity 
for human red cells. Normal red cells were not hemolyzed. 


3. Heating of preparations containing bovine thrombin reduced thrombie 
gglutinating or hemolytie activities for PNH 
cells. Adsorption with human cells resulted in decrease in agglutinating and 


activity but did not decrease the ag 


hemolytie properties without significant loss in thrombie activity. 

+. The preparation of human thrombin caused augmentation of hemolysis 
of PNH eells of group A but not those of group O. This property was 
diminished, as was the agglutinating effect, after adsorption with group A 
cells or the addition of group A substance. These procedures had little effect 
on thrombie activity. 


5. These data suggest that the effeet of preparations of bovine and human 
thrombin on hemolysis of PNH erythrocytes is due to their content of hetero 


phil or isoantibody or to antibody-like substances and not to thrombie activity 
for clotting. 


[ wish to thank Dr. O. D. Ratnoff for his assistance in performing the assays of 
thrombie activity. 
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LABORATORY METHODS 


AN ANALYSIS OF TECHNICAL ERRORS IN RADIOALBUMIN BLOOD 
VOLUME METHODS AND PRESENTATION OF A 
MODIFIED METHOD 


CHARLES J. Hap, Jr., M.S., AND Rosk Tanz, B.S. 
DENVER, COLo, 


URING the course of an investigation involving blood flow measurements 
it became necessary to evaluate and minimize the technical errors that 
occur in blood volume determination using | labeled human serum albumin. 
In our hands, the largest single souree of error resulted from the use of a 
calibrated syringe to deliver a known amount of radioalbumin. This error 


may be eliminated provided a means is available to deliver identical amounts 


of the labeled material to the patient and to a known volume, The purpose of 


this paper is to report (1) the results of a systematic investigation of errors 
involved in blood volume measurement with radioalbumin; (2) a modified 
method for measuring blood volume which eliminates the use of a ealibrated 
syringe; and (3) values obtained with this method for blood volume in a 
group of normal men living at an altitude of 1 mile above sea level. 


METHODS AND MATERIALS 


Theory. 


Blood volume: According to simple isotope diluti 


on theory, an unknown volume 
V,) mav be ecaleulated if the activity A.) and volume (\ of the injeeted isotopie ma 
terial and the activity \ of the diluted isotopie material are known. This mav be ex 


pressed as follows: 


It should be noted tha. any error occurring in the amount injected (V,.) manifests itself 


as an error in the unknown volume (V, 
It is also possible to determine the unknown volume (V,) without knowing the vol 
ume of the injected material \ » provided reproducible volumes of the injected material 
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ean be delivered; i.e., identical volumes delivered both to the patient and to a known 


volume. The activity (A of the isotope in the unknown volume (V,) is given by: 


u 


where gw is the number of microcuries contained in volume V. If an identical volume is 


delivered into a known volume (V,), the activity (A,) is given by: 


m 
\ 


and V, is obtained by combining equations 1 and 2, 


\ 


Note that V does not appear as a factor in equation 4 and thus if V, is chosen very large 
with respect to V, the latter is negligible. As in any dilution technique for volume 
measurement, it is assumed that the isotopic material is homogeneously distributed and 
that disappearance of the material is negligible or can be measured. 

Statistics: A counting rate of a liquid sample is subject to at least 3 sources of 
error: (1) an error arising from the random nature of the disintegration process; (2) a 
pipetting error; and (3) a geometrical error resulting from variations in sample containers, 
the position of samples, ete. The above errors may be expressed as fractional errors, and 
are employed throughout this study. A fractional error is defined as the standard error 
divided by the mean, expressed in percentage form. The individual variables of an ob 
served counting rate of a liquid sample may be expressed as a product; 

R C V-G (5 
where C is the counting rate per unit volume, V is the sample volume, and G is a geo 
metrical factor, It ean be shown that the fractional error of the counting rate (F) will 
be equal to the square root of the sum of the squares of the fractional errors of the in 


dividual parameters.1 This may be expressed as follows: 


F (F.2 + Fy? + F,2)’ (6 


‘ 
where F., F,, and F, are the fractional errors associated with C, V, and G, respectively. 


Procedure.—Human serum albumin-I'41 (RISA),* less than 2 weeks old, was employed 
in all studies. The stock material was diluted to a concentration of 25 ye per milliliter 
in 30 ml. of normal saline under sterile conditions. To this solution was added 250 mg. 
of unlabeled human serum albumin. When not in use, both the stock and the diluted solu 
tion were kept at 5° C, 

Blood and plasma volumes were determined in subjects at bed rest. An intravenous 
infusion of normal saline or 5 per cent glucose was started into the antecubital vein 
through a Venopak* venoclysis set to assure the proper entry of the RISA into the vascu 
lar system. A B-D Cornwallt constant delivery syringe with a 22 gauge needle was used 
to deliver 1 to 5 ml, (25 we) of the diluted RISA into a 2 liter volumetric flask approx 
imately half-filled with tap water. Without changing needles, the syringe was refilled 
and an identical amount of the original diluted RISA was injected into the soft rubber 
portion of the Venopak tubing. During delivery, the tubing was clamped immediately 
above the delivery site. Following delivery, the clamp was removed and the infusion fluid 


was allowed to flow freely into the patient for at least 5 minutes, Either 2 or 5 ml, B-D 


syringes were usually employed. The pertinent characteristics of these syringes are given 


in the results section. Fifteen minutes after the injection of the isotope into one arm, 


approximately 10 ml, of blood was drawn without stasis from the antecubital vein of the 


*Abbott Laboratories, North Chicago, ll 
+Becton, Dickinson & Company, Rutherford, N, J, 
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for assay was obtained 
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scientific well-type scintillation counters and 
a 95 per cent error of less than 1 per cent, 
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transfer type either of 
calculated according 


TABLE I 
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Pipetting error (F, 


error? 


Error Evaluation. 
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remaining 


from 


Eexax* 


PIPETTING 


BLOOD 


he sample was delivered into 
into a 
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1 MI 


WRIGHT 


Kimble 
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grade, 
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AND 2 ML. PIPETTES 
PIPETTI 

OF CONTENTS 

GM. 


WEIGHT 


0.9994 
0.0977 
0.9990 
0.9982 
0.9954 
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0.9963 
0.9988 
0.9993 
0.9982 
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1.0008 
0.9999 
0.9964 
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9944 
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0.14 per 
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all samples were counted sufficiently to assure 
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Blood volume and plasma volume were 


NTS 


cent 


Pipetting error: In order to evaluate subsequent errors, it was first neces- 
sary to establish the standard error associated with the pipettes used for the 
transfer of samples, One and two milliliter volumetric pipettes were tested. 
Dilute aqueous solutions of RISA were pipetted with the same pipette and 
with different pipettes into weighed containers. The containers were sealed 
and reweighed to determine the weight of the contents. The results of two 
such experiments using different pipettes are given in Table I. In both ex- 
periments, the fractional errors were comparable and much less than 1 per 
cent. In addition, 20 deliveries from a single 1 ml. pipette resulted in a frae- 


tional error of 0.11 per cent, while a similar experiment with a 2 ml. pipette 


gave an error of 0.06 per cent. 


*Kimble Glass Company, Toledo, Ohio, 
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Geometrical error: The fractional error resulting from small variations in 
sample containers was established by a statistical analysis of counting rate and 
volume (pipetting error) data. For simplicity, the errors which arise from 
variation in sample containers were combined with those resulting from varia 
tion in placement of the containers in the well counter. A summary of data 
for this analysis is given in Table Il. Independent radioactive assays were 
obtained on each group of samples and the fractional error due to geometrical 
variation was calculated for each assay. For 1 ml. volumes, the average frae 
tional error was 0.99 per cent and for 2 ml. it was 0.73 per cent. It should be 
noted that this error is much greater than the pipetting error. <A larger 
geometrical error was observed with the Kimble serew-eap vial (No. 60910) ,* 
which is smaller in size to the vial employed here. In 114 samples of 2 ml 
volume, the average geometrical error was 3.44 per cent. This error was con 


sidered too large for accurate radioassay procedures. 


TABLE II GEOMETRICAL ERROR ASSOCIATED WITH KIMBLE SAMPLE VIALS CONTAINING 
1 AND 2 ML. 


MEAN TRUE EXPERIMENT | BACKGROl ND| COUNTING GeO 

COUNTING FRACTIONAI COUNTING | RATE ERROR METRICAT 
EXPERI NO, OF ! RATE ERROR (F RATE P. ERROR (1 
MENT SAMPLES C.P.S. PER CENT (C.P.S. (PER CENT PER Cent 


] 20 140 0.70 § 0.18 0.66 
20 140 0.77 20.7 0.18 N73 


3 20 140. 1.06 , : 0.18 ..08 
' 20 91.6 1.07 , 0.18 1.05 


20) 91.7 1. 3 0.18 1.46 
6 20 ’ 190.5 0.72 2.3 0.17 0.70 


7 20 ‘ 189, 0, 2.< 0.17 0.76 


TABLE IIT. Tue Vo.uMerric Error ASSOCIATED WITH CONSTANT DELIVERY SYRINGES 


EXPERI | 
MEAN MENT | BACK COUNTING 

rRUE | FRAC | GROUND RATE SYRINGE 
EXPERI SYRINGE NO. OF COUNTING TIONAI COUNTING ERROR ERROR 

MEN’ SIZE SAM } RATE ERROR (F) RATE | (F, (F, 
NO. ML. PLES ( . C.P.S. (PER CENT (C.P.S. (PER CENT PER CENT 
l ‘ 10 2 51.5 2.62 27.3 0.21 2.42 
” ‘ 10 : 1.80 27.3 0.17 1.49 
‘ 1a 1.47 ‘ 31 1.04 
10 1.71 26 1.37 
10 210.7 0.49 . N 0.00 
{ 55.6 2.37 ol. “ 2.09 
10 207. 0.92 i 2 0.51 
1.49 21.8 " 1.22 
} O88 
1.24 
0.00 
1.07 
0.55 
1.04 
1.44 
1.40 
0.00 
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*Kimble Glass Company, Toledo, Ohio. 
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Constant delivery syringe error: From the preceding data and appropri- 


ate statistical analysis, it is possible to evaluate the error associated with the 
constant delivery syringe over a wide range of volumes. Direct deliveries 
of dilute RISA solution were made into the sample containers from syringes. 
In those experiments where the delivered volume was less than 1 ml. water 


was added to attain this volume. In general, the volumes of most consequence 


to this study fall between 1 and 2 ml. However, additional data on other 
volumes were obtained to determine the usable range of the syringes. The 


results are summarized in Table Ill. The ealeulated fractional errors are 
highly variable but the maximum error (2.42 per cent) is associated with the 


minimum volume (0.2 ml.) delivered. The average error from 0.2 ml. to 5 


ml. using 3 different sized syringes was 1.04 per cent. In 


Nos. 5, 11. and 17 


3 experiments 
the syringe error is reported as zero since the sum of the 
squares of the counting rate and geometrical errors exceeded the observed 
experiment error. The errors associated with volumes greater than 2 ml. were 
calculated using the geometrical error decreases with larger samples, the 
estimated errors given here are probably high 
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Fig. 1 The effeet of red cell sedimentation upon counting rate The ordinate represents 
the percentage of original activity (zero time, no sedimentation) Values plotted here are for 


normal blood and are the mean results obtained from a recording counting rate meter. Curves 
for 4 different sample volumes are shown 


Settling error: When whole blood containing RISA separates upon stand- 


ing, the majority of the radioactivity will be found in the plasma layer. The 


geometry of counting may be altered if the settling process occurs during the 
radioassay procedure. The influence of this process upon the counting 
rate in normal blood is shown in Fig. 1. Although the effect is considerable 
in larger samples, it is negligible in volumes below 2 ml., especially if the time 
of assay is less than 5 minutes. There is an additional error due to red cell 
sedimentation. If red cells are allowed to settle and then mixed for redis- 
tribution, the original distribution is difficult to reproduce. In practice, this 
is avoided by the immediate pipetting of blood into the sample vial. 
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Absorption and scatter error: Blood or plasma may be expected to exhibit 


different scattering and absorption properties than water. These properties 


would also be expected to vary as a function of the volume of the sample. 
Accordingly, samples of whole blood and water (1 to 5 ml.) containing identical 
amounts of RISA were assayed. The results are shown in Fig. 2. Although 
the decrease in the efficiency of counting with respect to volume is appreci 


able, the difference in the counting rates of blood and water is negligible 


below 2 ml. 
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Fig. 2 Comparison of counting rates in blood and water The ordinate represents the 
percentage of activity measured in a negligible volume (0.01 mil.) and the abscissa represents 
the sample volume Curves are shown for activity in both blood and water and each point is 
the mean of 8 measurements The difference in observed counting rate between blood and 
water is given by the percentage volumes along the abscissa 


TABLE IV. THe Loss or RISA on GLASS UNpbER VARIOUS CONDITIONS. PERCENTAGE VALUES 
REPRESENT THE FRACTION OF AcTIVITY AT ZERO TIME Wuicu Has Nor DISAPPEARED 
FROM SOLUTION 

EXPERIMENTAL CONDITIONS MIN. 
2-LITER VOLUMETRIC FLASKS 10 30 10 50 
RISA + distilled H,O—continuous mixing 96 3 H0) SS 6 
RISA + distilled H,O—initial mixing only 98 94 93 92 
RISA + distilled H,O + albumin (0.1 mg./ml. 
continuous mixing 100 100) «100 100 
RISA + tap water—initial mixing only th) 07 07 97 07 
RISA + tap water + albumin (0.01 mg./ml. 
initial mixing only 100 100 «©1000 «1000 «100)—«100 


Loss of radioalbumin on glassware: Radioalbumin in dilute solution ae 
cumulates on glass surfaces.* This may be demonstrated by the continuous 
flow of dilute RISA through a glass container within a well counter. The 
results of such an experiment are shown in Fig. 3. In brief, these losses may 
be minimized or eliminated by: (1) using RISA with a low specifie activity ; 
(2) reducing the amount of mixing; (3) reducing of time of exposure of RISA 
to glass; (4) adding ions; (5) using solutions with pH values other than the 
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isoelectric point of albumin; and (6) working at low temperatures. The 
effects of the first 4 listed above are shown in Table IV. The effect of ions 
and pH will be the subjeet of another report. 
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Fig. 3 The accumulation of HSA-I™ on glass (pH 4.8). An aqueous RISA (HSA-I'') 
solution was allowed to flow through a glass container within a well counter The counting 
rate was continuously recorded and continued to rise as the RISA accumulated on the glass 


After flushing the system with distilled water, the counting rate did not return to the back 
ground (B.G.) level 


Normal Blood Volume Data.—The modified method (including precautions 
to eliminate the above errors) was employed to measure blood and plasma 
volumes in 50 hospitalized, ambulatory patients who were convalescing from 
minor surgical procedures or simple fractures. These patients showed no 
evidence of cardiac, renal, or hepatic disease. Table V contains the results 
observed in this group. The mean blood volume for the group was 77.3 + 9.2 
ml. per kilogram of body weight. The data were recalculated on a basis of 
ideal body weight (Metropolitan Life Insurance Co. Tables) and this resulted 
in a mean value of 76.4 + 9.0 ml. per kilogram which was not significantly 
(p 0.60) different from the value caleulated with actual weight as a refer- 


ence, The mean plasma volume was 41.8 + 6.5 ml, per kilogram, and the mean 


hematocrit (caleulated from blood and plasma volumes) was 46.0 + 4.0 per 
cent. 


DISCUSSION 
A method may yield measurements which are reproducible or which are 
comparable to those obtained by other methods, yet the actual error may be 
considerable. There are numerous reports of methods for measuring blood 
volume with radioalbumin showing the reproducibility of the method and 
agreement with measurements resulting from other techniques,’ but there 
is a paucity of information concerning the technical accuracy of the methods. 
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The present study is a systematic attempt to evaluate the technical errors ot 
a modified method for blood volume determination using RISA, although these 


errors are common to most methods. 


TABLE \ AND PLASMA VOLUME Data IN NoRMAL MEN LIVING AT AN ALTITUDE OF 1 
MILE ABOVE SEA LEVEI 
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The findings indicate that the technical errors of this method are small. 
The largest error is that associated with the constant delivery syringe. Al 


though the results for different volumes were variable, the maximum error 
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was observed with minimum volumes. In order to minimize the syringe error, 
a volume of 1 ml. in a 2 ml. syringe or 2 to 3 ml. in a 5 ml. syringe should be 
used, 

Without additional expense for special containers, very little can be done 
to reduce the error due to geometry. Larger sample volumes for radioassay 
would be expected to result in less error; however, 2 ml. samples manifest a 
small error and are easily obtained. 

Pipetting error is insignificant if high quality pipettes are employed. It 
is surprising that this error is so small even in the hands of different tech 
nicians working under routine conditions. The average absolute error (i.e., 
deviation from a given pipette volume) is less than 0.25 per cent and this is - 
less than the pipette tolerance recommended by the National Bureau of 
Standards.’ 

It has been shown here that although errors due to red cell sedimentation, 
absorption, scatter, and loss of radioalbumin on glassware can be appreciable, 
they can be eliminated by simple precautions. The settling of red cells in the 
sample vial is obviously a function of hematocrit and sedimentation rate; thus 
greater errors would probably occur in disease states where these variables 
were altered. In such cases the error can be kept at a minimum by using 
higher doses of radioactivity so that smaller sample volumes and shorter time 
intervals for radiocounting can be employed. The use of low specific activity 
RISA eliminates the error due to the loss of radioalbumin on glass. In addi- 
tion, it minimizes the probability of protein alteration due to radiation.‘ 

With appropriate statistical analysis' using the individual fractional 
errors, it is possible to calculate a fractional error for the entire technique. 
This was found to be 2.0 per cent or approximately 1.5 ml. per kilogram in 
the average blood volume of the male. This error is much less than the ob- 
served error in blood volume for the group of normal men (Table V). Thus, 
with the method deseribed here, the variability in the measured blood volume 
cannot be attributed to technical errors alone Indeed, it is apparently ac 
curate enough to measure physiologic variation. 

The normal blood and plasma volumes recorded here at one mile above 
sea level are elevated, but not significantly (p > 0.15) different from those 
reported near sea level.’ In addition, they are not significantly (p 0.50) 
different from values obtained with T-1824 dye at an altitude of one mile.® 


Since blood and plasma volumes are measured, it is possible to compute a 


hematocrit which should approximate the venous hematoerit. The mean 
hematocrit was significantly (p 0.04) higher than a corresponding mean 
value obtained near sea level... This increased hematocrit is similar to that 
reported by others at this altitude.” 


SUMMARY 


A modified technique for measuring blood and plasma volume with RISA 
has been presented. The technical errors of this technique have been evalu- 


ated and minimized. Data on 50 normal men living at an altitude of 1 mile 
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are given. It is concluded that the modified method has a low degree of tech 
nical error ( 


2 per cent standard error) and it is suitable for routine clinical 


use, 


We are deeply indebted to Drs. Harold Elrick and Joseph H. 


Holmes for their help 
ful comments and criticisms. 


REFERENCES 


Worthing, A. G., and Geffner, J.: Treatment of Experimental Data, New York, 1955, 
Jonn Wiley & Sons, Ine. 

Reeve, E. B., and Franks, J. J.: Errors in Plasma Volume Measurement From Adsorption 

Losses of Albumin-I!51, Proe. Soc. Exper. Biol. & Med, 93: 299, 1956. 

Storaasli, J. P., Krieger, H., Friedell, H. L., and Holden, W. D.: The Use of Radio 
active lodinated Plasma Protein in the Study of Blood Volume, Surg., Gynec, & 
Obst. 91: 458, 1950. 

Schultz, A. L., Hammarsten, J. F., Heller, B. L, and Ebert, R. V.: A Critical Compari 
son of the T-1824 and lodinated Albumin Methods for Plasma Volume Measure 
ment, J. Clin. Invest. 32: 107, 1953. 

Berson, 8., and Yalow, R. 8.: The Use of K*2 or P82 Labeled Erythrocytes and I'%) 
lagged Human Serum Albumin in Simultaneous Blood Volume 
J. Clin, Invest. 31: 572, 1952. 

Cristell, K. R., Porter, B., and Nieset, R, T.: Studies of Plasma Volume Using Human 
Serum Albumin Tagged With Radioactive [I'51, J, Clin. Invest. 29: 513, 1950, 

Testing Volumetric Glassware, National Bureau of Standards, Cireular C434, U. 8 
Government Printing Office. 

Yalow, R. 8., and Berson, 8S, A.: Chemical and Biological Alterations Induced by 
ation of 1131 Labeled Human Serum Albumin, J. Clin. Invest. 36: 44, 1957. 

Huey, D. M., and Holmes, J. H.: Blood Volume Studies at 5.280 Feet Altitude, Fed 
Proe. 9: 64, 1950. 


Determinations, 


Irradi 





A MICROMETHOD FOR DETERMINING CLOTTING TIME, USING 
CAPILLARY BLOOD AND SILICONIZED TUBES 
RicuHarp C. Lewis, B.S.,* anp HELEN I. Guueck, M.D. 
CINCINNATI, OHIO 
With THE TECHNICAL ASSISTANCE OF JEAN ROSEN 


ANY methods have been devised to determine the clotting time of whole 

blood, the most widely used being variations of the Lee-White procedure 
which necessitate a venipuncture. The Lee-White' method and its modifications 
have the advantage of accuracy, reproducibility, and a backlog of years of 
clinical experience. 

While studying the response of patients to concentrated aqueous heparin 
preparations, it became necessary to perform as many as 6 venipunctures on 
individual patients in a space of several hours. To eliminate these repeated veni 
punctures, a new method was devised which was better tolerated by the pa 
tients and yet of sufficient accuracy to permit its use for careful clinical studies. 


It was found that by siliconizing capillary tubes, capillary blood could be used 


in a simple, reproducible manner to measure clotting time and heparin response. 


The use of capillary tubes to determine cloting times of blood was first deseribed 
by Sabrazes in 1899." However, although the method is convenient, its lack of 


sensitivity heretofore rendered it unsatisfactory for exact clinical studies. 


MATERIALS AND METHODS 
The capillary tubes used were 150 mm. long, thin-walled coagulation tubes, outside 
diameter, approximately 0.5 mm.t So-called melting point tubes varied considerably in 
diameter, gave erratic results, and could not be adapted to the method. 


All procedures for preparing the tubes were carried out in the original glass container 


provided by the manufacturer. The tubes were first rinsed with 0.1 N sodium hydroxide for 


a 10- to 15-minute interval, followed by 3 rinsings in distilled water. After draining away 
the water, they were immersed for a few minutes, with frequent tilting in a 1:100 solution 
of aqueous silicone.} They were again rinsed 3 times in distilled 
oven at 80° C, for 3 to 4 hours, 


water, and dried in the 
After the application of the silicone, the tubes could be 
used at any desired interval. 


For drawing the blood, a plastic infant feeding tube$ was placed over one end of the 
capillary tube and blood was aspirated by mouth suction to minimize contact of the blood 
with air and to facilitate filling, 
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Cincinnati, and the Cincinnati General Hospital, Cincinnati, Ohio 
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The finger tip was first wiped thoroughly with an aleohol swab and allowed to dry. 
The puncture* was made while compressing the donor’s finger firmly between the technician ’s 
thumb and index finger. Pressure was applied across the distal phalanx until the finger 
became plethoric. The puncture was performed with continuing pressure. The first drop of 
blood was utilized for the test, since it was found that subsequent drops gave shorter clotting 
times. Christie® attributed this shortening to the higher concentration of tissue thromboplastin 
and platelets in subsequent drops. Although firm digital pressure was continued while blood 
was being drawn, ‘‘milking’’ of the finger to obtain blood was avoided, since this caused 
au marked shortening in the clotting time The stop watch utilized for timing was started 
as soon as the puncture was effected. If blood did not flow freely, a second adjacent pune 
ture was made immediately; this procedure was found to give a more consistent clotting time 
than ‘*milking’’ the finger tip. (An inadequate puneture, without free flow of blood, proved 
to be the largest single source of error in the method The tip of the capillary tube was 
placed at the puncture site, and blood was drawn to an approximate heig 


ght of 75 mm. in the 
tulx 


The capillary tube was then held in the closed fist to maintain a constant temperature 
of approximately 34° C, At 1-minute intervals, the tube was tilted vertically until blood no 
longer flowed Subsequently, the tube was broken every 30 seconds between thumb and 
forefinger until a fibrin thread was seen between the broken ends. The tube was always 
broken at the end opposite to that at which the blood entered. Appearance of the fibrin 
thread determined the end point. If the clotting time was prolonged, as in patients re 
ceiving heparin, the tube was broken less often, usually every 1 to 2 minutes, in order to 
conserve the length of glass. With greatly prolonged clotting times, it was sometimes found 
that the blood did not clot uniformly throughout the tube, initially clotting at the air-blood 
interfaces and later toward the center of the column. In such instances, the end point was 
then arbitrarily taken as the formation of two successive fibrin threads. 

Although the original Lee-White method! has been modified to measure coagulation in 
2 or more tubes, previous studies from this laboratory have shown that the one tube method 
Was as accurate as the more time-consuming multitube procedure, provided that certain pre 
cautions were scrupulously observed.t* It was shown that in the ease of a 3 tube method 
there was a constant relationship between the clotting time in tubes 1, 2, and 3, and that 
after administration of heparin the relative increase in coagulation time in any 1 of the 3 
tubes was constant. The one tube Lee-White procedure, therefore, was used as a basis of 
comparison with the capillary method. In performing the one tube procedure, 4 ml. of 
blood was obtained by venipuncture in a clean dry syringe with a minimum of trauma to 
the vein, the needle was removed, and 1 ml. of the blood placed in a seored 13 by 100 mm. 
test tube, A stop watch was then started. The tube was gently tilted at 1-minute intervals. 
Coagulation was assumed to be complete when the tube could be inverted without displacing 


the clot. The stop watch reading at this point determined the clotting time 


RESULTS 


Clotting times of 150 normal adult subjeets (75 men and 75 women 


grouped at l-minute intervals, are shown in Fig. 1. The majority of the values 


fall in the range of 4 to 8 minutes, with a mean of 6.0 minutes and a standard 
deviation of 1.45 minutes. No significant differences were observed between 
men and women, 

In order to compare the present method with the one tube Lee-White 
method, blood samples were taken simultaneously from venipuncture and from 
finger puncture by two technicians. Each determined the clotting time inde 
pendently by the selected method. The values, determined separately, were 

*The most satisfactory lancets for this purpose were obtained from Becton, Dickinson and 


Company, Rutherford, N 
tNormal values for one tube method: &.9 minutes + 2.2. 
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compared after completion of the test. Fig. 2 shows 55 pairs of these simul 
taneously determined clotting times. The values plotted were obtained at inter 
vals varying from 10 minutes to 4 hours after administration of intravenous 
heparin.* The similarity between the methods is apparent and is highly signifi 
cant statistically. + 
Fig. 3 shows the response to the intravenous administration of 50 mg. of 
heparin to 4 normal subjects. The clotting times, determined simultaneously 
by the two methods, were determined before, 45, 90, and 150 minutes after 
the injection of the heparin. The similarity of the two methods is again appar 
ent. 
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Fig Response to intravenous heparin determined simultaneously by the one tube Lee 


White and silicone capillary tube methods in 4 normal subjects The clotting times were 
determined before, 45, 90, and 150 minutes after injection of the drug. 


DISCUSSION 


Our data have indicated that there is a good correlation between values ob 
tained by the capillary and the Lee-White methods throughout the usual range 
of clotting times encountered in heparin therapy. As ordinarily performed, clot 
ting times on capillary blood are quite short, inaccurate, and relatively insensi 
tive in measuring heparin response. For this reason little reliance has been 
placed on their use, and even recently developed micromethods have entailed the 
use of venous blood.** This has put a deterrent on the frequent determination of 
heparin response. 

*Aqueous heparin sodium. 5,000 U.S.P. units (50 mg.). 


tEquation of regression line y 0.925x + 1.88; Dyx 0.925: Dey 0.851: r 
t for regression yx 14.002, p < 0.001 
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With the development of slowly absorbed, concentrated heparin, an ac- 
curate micromethod for frequent determinations of blood coagulation has obvious 
advantages. We believe that the present method is sufficiently sensitive and 
accurate for such purposes. Until further clinical evidence is available, the 
method should not be substituted for the Lee-White clotting time in patients 
with coagulation disorders. 


SUMMARY 


A new method of performing whole blood clotting times has been presented. 


This method utilizing capillary blood and siliconized capillary tubes obviates 
the necessity of obtaining venous blood. The mean value in 150 normal sub 
Jects was found to be 6.0 minutes with a standard deviation of 1.45 minutes 
The method, which shows a close correlation with the one tube Lee-White method, 
has been found to be of value when repeated determinations of clotting time are 
required, particularly with the prolonged use of heparin. 
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NEUTRON ACTIVATION ANALYSIS IN THE DETERMINATION OF 
BONE SODIUM 
Ropert Druyan, LieuTeENANT, MC, USNR, Tuomas G. Mircueu., LIEUTENANT, 
MSC, USN, anno E. Ricuarp Kina, Caprarw, MC, USN 
Betuespa, Mp. 


S )DIUM has been a known constituent of bone since at least 1894 when Gabriel 
discussed its occurrence there.’ Following the work of Harrison and asso 
ciates® on tissue electrolyte analysis, the significance of ‘‘extra’’ bone sodium 
began to gain appreciation. Estimation that up to 40 per cent of the total 
body sodium stores may be in cortical bone** lent further import to this res 
ervoir. The availability of bone sodium for exchange has been demonstrated 
isotopically by several groups * and inferentially by Bergstrom. Interesting 
conjectures regarding the role of bone sodium during adrenal insufficiency have 
been postulated.® 

Analysis for bone sodium has proved somewhat difficult by previous tech 
niques, with different authors claiming varying accuracy for their procedures. 
The calcium: sodium ratio of 40:1 makes direct flame photometry on bone digests 
impractical because of the interference of the calcium spectrum, and thus some 
manner of separation of the two cations has proved necessary prior to analysis 
Methods for this separation have been of two types; repeated precipitation of 
calcium by the addition of oxalate’ and, more recently, separation of calcium 
by the use of cation exchange chromatography.” * The former method is com 
plicated by some inevitable coprecipitation of sodium with calcium oxalate; the 
latter, although apparently capable of achieving good separation, is time con 
suming. In both methods, it is necessary to digest the bone specimen prior to 
analysis. 

Neutron activation analysis remains a somewhat unexplored biologie tech 
nique. With this method, the sample is placed in a nuelear reactor and is ex 
posed to a flux of thermal neutrons. By neutron capture, artificial radioactivity 
is produced in the exposed specimen. Differences in emission, half-life, and other 
physical characteristics make analysis of the radioactive and, hence, ionie com 


ponents possible. Sodium®**, by virtue of its large neutron capture cross section, 


is readily activated to Na**. Calcium is also activated, but the only isotope 
produced in appreciable quantities is Ca**, with a short half-life of & minutes. 
Predicted activities for bone tissue, based on the irradiation of one gram of 


bone at a flux of 10'* neutrons per square centimeter per second for 10 minutes 


From the Nuclear Medicine Branch, Department of Radiology. United States Naval 
Hospital, Bethesda, Md 
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and do not necessarily represent 
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and assuming a sodium concentration of 0.2 mEq. per gram and a calcium con 
centration of 8 mEq. per gram) give the activities shown in Table I. Neither 
potassium*, chlorine**, nor phosphorus** may be expected to contribute signifi 
cant activity to these totals. Thus, the determination of bone sodium despite 
the preponderance of calcium should be entirely feasible by neutron activation 


analysis, provided an appropriate period is observed for the decay of Ca*® 


raBLe I 


AFTER ACTIVATION SODIUM=4 CALCIUM4® lu 
0 12 190 
1 hour 11.4 16.1 


O08 


2 hours 10.8 


METIIODS 


Cortical human long bone specimens were used throughout; these were obtained from 
sterile autopsies, and stored after freeze-dry preparation.” The minimal marrow tissue that 
was visibly adherent was removed insofar as possible, to avoid the high sodium concentration 


Samples were analyzed in both the solid 


present in the vascular marrow. and digested stats 

For the latter, yreparation was as follows: 
pre} 

in 6M HNO An aliquot containing 15 


alyzed following digestion ranges 


12 hours ashing at 600° F., followed by solution 


per cent by weight was irradiated Specimens an 


from 2.1 to 2.9 Gn specimens analyzed without any pre 
parative measures ranged from 0.3 to 1.8 Gm. The bone tissue was sealed into polyethylene 
containers after weighing (and dilution in the case of digested samples), and was irradiated 
for 10 minutes at a flux of approximately 1012 neutrons per square centimeter per second. 
Relative counting was performed, and no attempt was made to quantitate the nevtron flux to 
prreater accuracy. \ weighed amount of NaCl was activated with each specimen, and was 
placed adjacent to the specimens in order to receive the same flux within the nuclear 
Final quantitation of the sodium content was based on the formula: 


reactor. 


(CPM, Wy, 
CPM, 


where W, is weight of Na in standard; W, is weight of Na in bone; CPM, is counts for 
standard ; CPM, is counts for bone. Calculation by this method obviates any decay correction, 
if bone and standard are counted at the same time. Counting was performed in a well-type 
gamma scintillation counter which afforded constant geometry in volumes less than 3 ml. 


Quantitation was based on the Mev. peak of Na?4. Gamma ray 


spectroscopy was per 
formed on each specimen to ensure that the spectrum present was that of Na24, and half-life 


determinations provided further evidence of this fact. No attempt at beta counting was made. 


The only unusual eare which must be observed is in regard to preparation of the 


plastic containers; after sealing they must not be handled prior to activation, for the sodium 
in perspiration is also activated, and will distort the values obtained. The containers are 
acid washed before and after activation, and are irradiated while encased in a separate 
plastic bag. 


\ minimal interval of 3 hours elapsed between activation and counting, and, during 


this time, the short half-lived isotopes of caleium have decayed to uncountable values. 


RESULTS 


The sensitivity of this method was illustrated by obtaining a pure Na** 
spectrum after activating a CaCO 


specimen known to contain less than 0.5 


*Courtesy of the Tissue Bank, U. S. Naval Medical School, Bethesda, Md 
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ISOTOPE: SODIUM- 24 
INSTRUMENT: Spectrometer Model No. 5/0 
SETTINGS: Operating Voltage: "P" 
Channel! Width: 2.0 Volts 
PHS: .25 Volts 
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Illustration of the gamma spectrum of sodium 


TABLE II 


mEq. Na/eM, 
SAMPLE WEIGHT BONE DIGEST OR SOLID 

1.794 0.236 x 0.204 
0.567 0.325 Solid 0.050 
0.586 0.322 .E. 17% 
2.169 0.280 Digest 

0.389 0.256 0.265 
0.537 0.281 Solid 0.013 
0.358 0.260 EB. 5% 
2.879 0.154 c 0.164 
2.175 0.174 Digest 0.010 
2.354 0.165 EB. 6% 
0.698 0.214 0.236 
0.314 0.256 Solid 0.021 
0.322 0.238 .E. 9% 

Mean 1.164 0,243 
o 0.054 


R.E. 22% 
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per cent sodium by weight. Fig. 1 illustrates the characteristic gamma spec 
trum obtained from Na 


Table IL gives the data obtained from neutron activation analysis, as per- 


formed on 5 different bones 

Flame photometry was performed on random samples of bone, utilizing a 
digest technique as outlined above. Values so obtained ranged from 0.361-0.399 
mq. per gram of bone; there was no correlation with data as obtained from 
neutron activation analysis. No attempt was made at oxalate precipitation or 
at ion-exchange column separation. 


DISCUSSION 


Prior experience in this laboratory using neutron activation analysis of 
hiclogie material has shown that sodium, in most situations, is so readily activated 
that its separation, if other ions are to be analyzed, becomes mandatory. Analysis 
for trace materials is rendered impossible by the dominance of the sodium spee 
trum, and, if gamma counting is to be done, ion exehange methods for the sep- 
aration of sodium must be performed. In the present instance, the problem is 
Just the reverse, and activation analysis can be easily performed for sodium in 
the face of a 40:1 gradient for caleium over sodium. 

The major advantage inherent in this technique is that no preliminary 
separation or preparation need be performed on the bone specimen. Using 
the described technique the bone may be used for other determinations about 
60 hours following activation, and it is available in the intaet form. 

Objection might be raised that the activation of standard (Na) and of 
bone (Na, Ca, and P) are not equivalent, and that the presenee of calcium and 
phosphorus in bone lowers the effective flux making standard and sample not 
subjeet to equivalent neutron flux. Fortunately, the neutron cross section for 
both ealeium and phosphorus is low, and on theoretical grounds one would not 
expect marked deviation. Adding calcium to a constant amount of sodium, in 
gradients up to 40:1 (Ca: Na) did not result in any observable change in the 
activation of sodium, and thus the objection seems not applicable to this situation. 


TABLE ITI 
PRECURSOR ISOTOPTI n, ALPHA 
Na23 (100%) Ne23* Na2 F20* 
P31 (100%) o* A]28* 
‘atO (96.9% ) ‘a 30" er 
‘at? (0.64%) J A394 § 
‘ats (0.14% ‘ad? A40 
‘at4 (2.1%) ‘at Adi} 
‘at6 (0.0032% ‘atst§ 
‘at8 (0.18%) ‘at7 ts 
*Half-life too short to be present at 3 hours 
tHalf-life too long to undergo significant build-up during 10-minute activation 
tGamma energy would not be present at 2.7 mEv. counting peak 
§Precursor (naturally occurring) isotope abundance is insignificant. 
Isotope is stable 


Considerations of fast neutron reactions have been avoided on several 
grounds. Gamma ray spectroscopy and half-life determinations gave no 
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evidence of significant amounts of contaminating radioisotopes. Table LIT illus 
trates the possible isotopes formed by interaction with fast neutrons 
Thus, on the basis of no observed contaminating radioisotopes, plus the predicted 
production in Table IIT, fast neutron reactions will probably not interfere with 
thermal neutron activation 

Five different samples of human cortieal bone were analyzed; in all but 
one, multiple specimens from the same bone were used. Mean value for the 
entire group was 0.243 mEq. of sodium per gram of dry bone, with a range 
of 0.154 to 0.324 mEq. Na per gram bone. Standard deviation for the 5 speei 
mens was 0.054, giving a relative error (R.E.) of 22 per cent. Analyzing the 
data for the separate bone specimens shows that the relative error for the 4 
groups of multiple samples ranged from 5 to 17 per cent, indicating a reasonabl 
reproducibility for the data 

Published data on the sodium content of cortical bone are not dissimilar to 
this value." 

Neutron activation analysis may be similarly applied to other materials 


for the analysis of sodium; this method is not likely to prove popular unless 


circumstances prevail which make flame photometry or destruction of the sample 


impossible. Analysis for ions other than sodium proves far more difficult than 


the above deseribed method 


SUMMARY 


Neutron activation analysis techniques have been applied to the determina 
tion of bone sodium. Beeause of the physical characteristies of sodium, it may 
be easily determined, even in the presence of an abundance of ealeium. The 
technique and results are deseribed, as performed on freeze dry human cortical 


bone specimens, 
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STABLE TISSUE CULTURE MEDIA PREPARED IN DRY FORM 
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(‘LEVELAND, OHIO 


HEMICALLY defined media used in tissue culture are not only time 
consuming to prepare, but frequently contain ingredients which deteriorate 
when in solution even at a temperature of 4° C. The preparation of media 


thus becomes a problem of considerable practical importance, particularly 


when many are required for strains of cells with diverse nutritional require 


ments or for experimental purposes. In certain long-term experiments it 1s 
desirable to employ solutions of constant composition throughout, but in prae 
tice this is not readily achieved even when special precautions are taken to 
purehase chemicals in large quantities Furthermore, these difficulties are not 
adequately cireumvented in the conventional research laboratory by the prepa 
ration of large lots of even the more stable solutions because of limitations of 
refrigeration space, problems of microbial contamination, or because the tech- 
nical difficulties encountered in filtration-sterilization are usually proportional 
to the quanti Vv ol fluid involved Similarly, the use of concentrated solutions 
is frequently unsatisfactory beeause of the limited solubility of many of the 
ingredients As a consequence of these considerations, studies were initiated 
to examine the feasibility of mixing ingredients in the solid form and storing 
these until required for use. This report deseribes the preparation of uniform 
mixtures which can be stored for indefinite periods and their use in tissue 
culture media 

Mediunt S103 (see Table I for composition is discussed as a type example. 
S103. is prepared in the powd red form as follows The ingredients for 40 
liters with the exception of eystine are placed in a porcelain ball mill jar of 
1.25 quart eapacity which is filled to about one-third its volume with flint 
‘*nebbles’’ 0.5 to 1 inch in diameter. The jar is placed overnight in a vacuum 
desiccator evacuated to approximately 0.005 mm. Hg by means of a suitable 
pump As a safety precaution, Pyre r glass destccators should be covered with 
a desiccator quard whenever vacuum is applied. After desiccation, the cover 
(fitted with rubber gasket) is replaced on the ball mill jar and it is rolled over- 
night. There are several types of machines available commercially which are 
suitable for this purpose. The resulting homogeneous powder is separated from 
the flint ‘*‘pebbles’’ by passage through a stainless steel sieve. Appropriate 
quantities of powder are dispensed immediately into a series of serew-cap 


reagent bottles (w ide mouth, amber eolor) which ean be stored in a desiceator 
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hanna, 1958 
at 4° or —-20° ©. Alternately, the desiccator can be eliminated by sealing the 
bottles with plastic tape* or by the use of the recently developed caps fitted 
with a polyethylene inner-seal.} It should be emphasized that if traces of 
residual water are not removed from the chemicals prior to grinding, the 
mixture frequently becomes caked on the sides of the ball mill jar resulting 
in an unsatisfactory preparation. Similarly, the finished powder is hygroscopic 
and if not protected from moisture, it will invariably become eaked (con 
sisteney of concrete); also, the mixture becomes alkaline when moist as a result 


of loss of CO . 


TABLE I. COMPOSITION OF 8103 


COMPOUND" CONCENTRATION mM. ) GRAMS PER 
Calcium chloride (2 H,O) 


Pe 8.0 
10.0 
1.0 
0.40 
16.0 
20 


Glucose 

Magnesium sulfate (7 H,O) 

Phenol red (sodium salt 

Potassium chloride 

Sodium chloride 

Sodium bicarbonate 

Sodium monobasic phosphate ® H,O 
Alaninet 

Aspartie acid A 80 
Arginine (HCl 8 5.57 
Cystine (HCl)t 

Histidine (HC] *® H,O 

Hydroxyproline 

Glycine 

Glutamine$ 

Isoleucine 

Leucine 

Lysine (HCl) 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophan 

Tyrosine 

Valine 

Choline chloride 1 
Folie acid 005 
Calcium pantothenate 005 
Mesoinositol O1 0.086 
Nicotinamide 005 0,024 
Pyridoxal (HCl) 0.005 0.034 (0.040 
Riboflavin 0.001 0.015 
Thiamin (HCl) 0.005 0.060 (0.068 
Streptomycin sulfate 0.008 0.50 


27 
h) 
5.6 

.O7 


0,056 
0.088 
0.048 


*Medium also contains 100 units of penicillin G per millileter 


; This is added to the final 
solution just prior to use from » 


a 20,000 unit per milliliter stock which is stored at —20° ¢ 
tAll amino acids are of L-configuration. 
tCystine is always omitted from S103 powder and it is added to final solution from a 
§ mM, stock in 0.025 N hydrochloric acid which is stored at room temperature 
§When glutamine is omitted from the S103 powder it is added to final solution from a 
200 mM. stock which is stored at —20° C 


Solutions are prepared from the powdered-mixture as follows: The powder 
is added stepwise to the appropriate quantity of water which is stirred by 


*Pressure Sensitive Tape No, 471 


Minnesota Mining & Manufacturing Co., St. Paul, Minn 
+Poly-Seal caps manufactured by 


Latchford-Marble Company, Los Angeles, Calif. 
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means of a magnetic stirrer (the metal stirring bar is eneased in Teflon 

When the powder is completely dissolved, eystine is added (see footnote, Tabli 
1) and the pH is adjusted (if required) by passing a mixture of 5 per cent 
(CO. in air through the solution. The medium is sterilized by filtration (Selas 


filter of OV porosity and stored at 4° ( Glutamine and penicillin, because 


of their instability in solution, are added to the medium just prior to use (see 
footnote, Table | If S103 is to be stored at 4° C. for prolonged periods, it 
may be desirable to omit the vitamins from the powder and add them later 
from a concentrated stock solution stored in the deep freeze. A concentrate 
twofold or greater) of S108 is readily prepared from the powder. If this is 
done, it is necessary to omit caleium chloride from the powder. The size of 
the lot of powder is limited only by the eapacity of the equipment available 
For example, a ball mill jar of 1.8 gallon eapacity which accommodates suf 
ficient chemicals for 200 liters of S108 is currently being used 

All of the chemically defined media used for tissue culture studies in this 
laboratory over the past 4 vears (more than 6,000 liters, ineluding about 1,200 
liters of S103) have been prepared in the manner deseribed, without evidence 
of differences between samples from the same lot of powder These include 
Tyrode's solution,' Earle’s saline,? V-614,° 199,* 703,° 858, MS,’ S16, and S18, 
Kagle’s solution,® and many modifieations of the above which are employed in 
studies on cell nutrition. Fat-soluble vitamins, ethanol, and Tween 80 are 
omitted from the powdered form of 199, 703, 858, and MS. It is emphasized 
that it may be expedient to omit additional components as dictated by the 
organization and needs of individual laboratories (see discussion of S103 
The advantages of ‘‘certified’’ stocks of media are obvious in situations where 
it heeomes necessary to trouble-shoot for the evasive ‘‘toxie factors’’ related to 
‘“water,’’ ‘‘serum,”” or ‘‘glassware’’ which so frequently ambush the in 


vestigator 
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CHROMATOGRAPHY OF HEMOGLOBIN TYPES ON 
CARBOXYMETHYLCELLULOSE 
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({RONINGEN, NETHERLANDS 


UCH progress has been made, in recent years, in the field of ion exchange 
M chromatography of proteins.'. The ion exchange resin usually used in 
chromatographie studies of proteins is the carboxylic eation exchanger, Am 
berlite IRC 50. The chromatographic behavior of hemoglobin on this weak 
eation exchanger was first investigated by Boardman and Partridge who 
sueceeded in separating some closely related adult and fetal animal hemo 
globins. The same resin has been used for the chromatographic separation 
of different human hemoglobin types'® and of some animal hemoglobins 

In 1955, Peterson and Sober'® and Sober and co-workers" developed some 
new adsorbents. derived from cellulose, which contained groups as carboxy 
methyl (CM), phosphate (P) and diethylaminoethy! (DEAE These sub 
stances show a relatively great capacity for the adsorption of proteins, but 
elution ean be performed under mild conditions. The use of some of these 
substances, especially carboxymethyleellulose (CMC), seems to offer possibili 
ties for the separation of closely related hemoglobins, because chromatographic 
experiments performed by these investigators have indicated the presence of 
several components in some hemoglobin preparations."? In the present report 


we will deseribe the application of the CMC chromatography in detecting and 


quantitating different hemoglobin types. The chromatographie analysis has 


been applied to artificial and naturally occurring mixtures of different human 
hemoglobins (A, S, C, E, F. H. J. L. and Buginese-X"* were available). as well 


as to some animal hemoglobins 


The present technique, while unsuitable for routine analyses, not only 
offered new possibilities for the characterization and quantitative estimation 
of different hemoglobin types, but also proved to be valuable for the prepara 


tion of pure hemoglobin components on a larger seale 


MATERIAL AND METHODS 


Blood samples derived from patients suffering from various hemoglobinopathies and 
also from some animals were investigated. Next to samples of normal adult individuals 
laboratory workers), the hemoglobins of the following abnormalities were studied: Hb-H 
disease, kindly supplied to us by Dr. Fessas (Athens, Greece) and sent by air under special 


precautions by which it was possible to investigate this sample 4 days after collecting 
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the sample; Hb-J trait, obtained from members of a family described earlier'4; 3 samples 
of cord blood from full-term infants and 1 from a %-month-old premature infant; homo 
vgous Hb-C disease, homozygous Hb-S disease (blood collected after the transfusion of 
blood from a normal adult), and the hemoglobin S-hemoglobin C disease, all sent to us by Dr. 
der Sar (Curacao, Dutch West Indies); different samples containing Hb-E, both as the 
iib-E trait and the Hb-E thalassemia disease, kindly supplied to us by Dr. de Silva (Ceylon 
ind obtained from members of a family deseribed earlier'5; 2 samples of thalassemia 
minor, | sent to us by Dr. Fessas (Athens, Greece) and 1 from a member of the family 
mentioned earlier'5; 2 samples of thalassemia major, sent by Dr. de Silva (Ceylon); a 
sample of Hb-L trait, supplied by Dr. Lehmann (London, England); and a sample of the 
so-called Buginese-X hemoglobin,!® sent by Dr. Lie Injo Luan Eng (Djakarta, Indonesia 
Blood samples of the following animals were also investigated: the adult cow and 
fetal cow (derived from a 6-month-old cow fetus): the adult sheep, heterozygous for 
2 sheep hemoglobins I and II,8 and a 3-week-old lamb possessing, next to the hemo 
in’s IT and Il, the fetal component; the adult horse (a domestic stock); the hen (stock 
slaughter); the Siamese jungle fowl or Bankiva; and the newborn chicken. The blood 
obtained by venepuncture except for the blood from the fetal eow (bv heart puncture 
from the fowl (by decapitation 
Che erythrocytes were separated from the plasma by centrifugation, washed 3 times 
with normal saline, and hemolyzed with 1 volume of water and 0.5 volume of toluene 
After standing overnight, the solution was centrifuged and finally cleared by filtration 
on Celite 535 or by centrifugation in the cold at 30,000 g for 30 minutes (as in the case 
of Hb-H and of the chicken 


The Chromatographic Procedure 


The preparation of the cation-exchanger: Carboxymethyleellulose was prepared in the 
same way as deseribed by Peterson and Sober!® by reacting cellulose (Whatman cellulose 
powder passing through a 325 mesh sieve) in alkali with chloroacetie acid. After removal 
of the alkali in the manner deseribed by the authors,1° the final reaction product is 
equilibrated with a 0.01 M phosphate buffer of a spec ial pH 6.8, 6.5, 6.3, or 6.0) by wash 
ing with the desired buffer several times. The clear supernatant was always used for the 


final determination of pH 


Preparation of the adsorbent column: The adsorbent was poured as a slurry into a 
column (55 by 0.9 em.) and allowed to settle by gravity After settling was complete, addi 
tional amounts of the slurry were introduced until (after settling) a height of 52 em. was 
reached. The column was then mounted above a fraction collector and washed with buffer of 
the chosen pH for some hours to ensure equilibrium. Finally a column with a height of 50 


m. was used 


/ 


Development of the chromatogram: A small amount of a hemoglobin solution con 
taining 100 to 150 mg. of hemoglobin was diluted to 5 ml. with the buffer solution of the 
chosen pH, converted to the monoecarboxy form, and dialyzed for 24 hours against the same 
buffer at 4° C. This solution was placed on top of the column and allowed to penetrate into 
the adsorbent Residual amounts were washed into the column with a 1 mil. portion of 


buffer before the continuous flow of buffer was begun \ gradient of pH was established 


by introducing a 0.01 M phosphate buffer solution pH 8.0 (prepared by adjusting the pH of 
3 


1,000 ml. of a solution containing 1.78 Gm. Na,HPO, - 2H,O per liter with about 35 ml. 
of a solution containing 1.56 Gm. NaH,PO, per liter to a pH of 8.0) from a supply bottle into 
®& constant volume (50 ml.) mixing chamber. In some cases a phosphate buffer of pH 7.5 
was used rhe mixing chamber and the tube between the mixer and the surface of the ad 
sorbent, the volume of the latter being about 15 ml., contained the same buffer solution as 
used for the equilibration of both the adsorbent and the hemoglobin solutions. In general, 
this solution consisted of a 0.01 M phosphate buffer of pH 6.8, prepared in a similar way 
as given for the 0.01 M phosphate buffer of pH 8.0. In some cases, however, buffer solutions 
with lower pH’s (6.5, 6.3, and 6.0) were required. In the case of Hb-C, replacement of the 
0.01 M phosphate buffer of pH 8.0 in the supply bottle by a 0.01 M Na,HPO, solution, after 


the elution of 100 ml. has been completed, was found necessary to obtain a sharp boundary 
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of this hemoglobin component. A flow rate of 4 to 6 ml. per hour was achieved under hydro 
static pressure by lowering or raising the supply bottle. In general a pressure of 30 to 00 


em. H,O was found to be sufficient. The eluate was collected in 2 to 3 mi. fractions. Al 


column operations were performed in a room with a temperature below 10° C, At the comple 
tion of the run, the CMC was regenerated with a mixture of equal volumes of 0.56 N NaOH 


and 0.5 M NaCl and subsequently washed with water to remove the alkali and sodium chloride 

Examination of the fractions: Each fraction was diluted with deionized water to 4 
ml. and routinely examined in a Beckman DU spectrophotometer at 580 mg. pH determina 
tions (accuracy + 0.01) were routinely performed at room temperature on the contents of every 
fifth tube (Polymetron SA, Zurich 


every Traction. 


Occasionally the pH determination was carried out in 


Sometimes the contents of the tubes corresponding to one peak were combined 


and pervaporated to approximately 0.5 ml. A small amount of this fraction was then sul 


jected to paper electrophoresis in veronal buffer (gp 0.05, pH 8.6) for 12 to 18 hours rhe 
apparatus was the same as described earlier. 

Calculation of the percentual amounts of the hemoglobin components, by counting the 
extinctions of the relating fractions and dividing these values on the total extinction calcu 
lated, was possible sinee recovery experiments showed that over 97 per cent of the total 
hemoglobin added to the column was eluted 
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The separation of hemogloblins A and J on carboxymethyleellulose (gradient 6.8 t 
8.0) l Normal adult 4 Hb-J trait 


RESULTS 


The Chromatographic Behavior of Normal Adult Hemoglobin on CMC 
Fig. 1 illustrates the elution diagram obtained when CO-hemoglobin of a normal! 
adult was chromatographed. Four different components (ealled V, Ay, Ao, 
and A.) were observed. Next to this elution diagram, the curve indicating 
the pH values of the different fractions is given. After an initial raise of 
the pH (from 6.9 to 7 


2 at 25 ml.), the gradual increase of the pH is started 
at 60 to 70 ml. of the effluent. The existence of the first component of the 
elution diagram (V), varying between 0.5 and 2 per cent of the total amount 
of hemoglobin investigated, may be caused by the initial raise of the pH. The 
Hb-A, fraction, present for about 10 per cent, is eluted at a pH of 7.40 + 0.01, 
the main fraction (Hb-A,) at a pH of 7.49 + 0.01, and the Hb-A, fraction, 
present in amounts varying between 0.5 and 2 per cent, at a pH of 7.69 + 0.01 


Paper electrophoretic analyses of these isolated fractions (Fig. 2) showed 


different electrophoretic mobilities in a veronal buffer («4 = 0.05, pH 8.6). The 
Hb-A, moved slightly faster than the Hb-A,, while Hb-A, possessed the same 


mobility as Hb-E. The possibility exists that these fractions of normal adult 
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hemoglobin are similar to those described by Kunkel and co-workers'*'* using 
eleetrophoresis on starch slabs. These authors also observed 2 minor compo 
nents In normal adult hemoglobin one (Hb-A being present for about 2 
per cent and possessing an electrophoretic mobility similar to that of Hb-E, 


and a second with a mobility slightly higher than that of the main fraction 


J ‘ 2 


A, 





- 
“ 





Paper electrophoresis of the Hated hemoglobin 


A chromatogram of the hemoglobin derived from a patient with the Hb-J 
trait is also shown in Fig. | Next to the fractions V, Ay, and A., a high 
amount (over 50 per cent) of a component, which moved slightly faster in 


paper electrophoresis than the A, fraction (Fig. 2), was isolated. This Hb-JJ 


is indistinguishable from the Hb-A, both in paper electrophoresis Fig. 2 
and in CMC chromatography (Hb-J) was eluted at a pH of 7.39 + 0.0L and 
Hb-A, at a pH of 7.40 + 0.01 

The Chromatographic Behavior of Hemoglobin H on CMC.—Fig. 3 illus 
trates the results of the chromatographic behavior of the hemoglobin derived 
from a patient suffering from the Ib-Il disease. Using the gradient system 
pli 6.8 to pH 8.0 the Hb-H moved quickly and was completely eluted within 
40 ml. The elution curve showed 2 fractions of Hb-H; the appearance of these 
two peaks correlated with the temporate increase of the pH (from 6.9 to 7.3 
and of the sodium ion concentration of the effluent. Next to the Hb-H, the 
+ fractions of Hb-A (A,, Ao, and A.) were found to be present. The elution 
rate of Hb-H can be decreased by lowering the pH of the initial elution buffer 
With the gradient system pH 6.5 to pH 8.0, over 90 per cent of the Hb-H was 
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eluted within 50 ml. Again 2 fractions appeared which correlated with a 


temporate raise of the pH from 6.6 to 7.0. A small amount of Hb-H remained 
at the top of the column and was eluted as soon as the gradient developed 
Lowering the pH of the initial elution buffer to 6.0 (gradient system pH 6.0 
to pH 8.0) caused an almost complete elution of Hb-H at the time the gradual 
increase of the pH reached a pH value of 6.7 to 6.9. The initial increase ot 
the pH (from 6.2 to 6.6) is accompanied by the elution of only a small amount 
of the abnormal component. The identity of the different fractions was 
studied by paper electrophoresis. Fig. 2 illustrates some of these results, in 
dicating the isolation of pure Hb-H by this chromatographic method. In 
conelusion, it is evident that the abnormal Hb-H ean be obtained as one singl 
boundary as soon as the gradual increase of the pH of the effluent reaches 
the value of about 6.8, while the initial pH of the elution buffer must remain 
below a value of 6.5 The amount of Hb-H present in the sample was about 
15 per cent of the total hemoglobin content 
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Fig. 4 
Fig. 3 The separation of Hb-H on carboxymethylcellulose with different pH 
(The dotted lines indicate the concentration of sodium in the effluent.) 
Fig. 4 The separation of adult and fetal hemoglobin on carboxymethylcellulose 


lient 6.8 to 8.0). 1 Normal adult. 2 Full-term infant 
infant 


cradients 


(era 
Three-month-old premature 


The Separation of Adult and Fetal Human Hemoglobin.—Two examples 
of the separation of fetal and adult hemoglobin present in hemoglobin samples 
of eord blood are given in Fig. 4. 


The fetal component was eluted at a pl 
of 7.58 


0.01 and could easily be distinguished from the 3 adult components. 


In the first sample of cord blood (full-term infant) all 3 adult components 
were present. 


The Hb-A, fraction was not deteetable in a sample of blood 
derived from a 3-month-old premature infant, while the percentual amount of 
Hb-A, was increased several times in this sample (Fig. 4, 3). 

Studies were also performed to compare the quantitative estimation of 
the fetal hemoglobin using the CMC chromatography and an alkali denaturation 
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technique. Fig. 5 shows the results of these investigations; the alkali denatur 


ation method used was the speetrophotometrie procedure deseribed by Jonxis 


and Visser.'’ In general, a good agreement exists; however, it was found that 
the chromatographic procedure is unsuitable for the estimation of low per 
centages of fetal hemoglobin (below 5 per cent 
*/e Hb -F 
CM.C.chrom 
1004 
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Comparisor f the results of the estimation of Hb-F by chromatography on carboxy 


methylcellulose and by an alkali denaturation technique 
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Fig. The separation of the hemoglobins A, As, F, and E on carboxymethylcellulos« 
(gradient 6.8 to 8.0) l Normal adult 2 Cooley's trait 3 Cooley's anemia 
Hemoglobin-E trait ) Thalassemia Hb-E disease 6 \ case with a high amount of 


' 
Hb-E 


Chromatographic Studies of the Hemoglobin in Thalassemia, Hemoglobin 
E Trait, and Hemoglobin E-Thalassemia Disease. 


tion of the different hemoglobin components in the thalassemia syndrome and in 


Fig. 6 illustrates the separa 
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eases in which Hb-E is coneerned. The hemoglobin in a case of thalassemia 
minor (Fig. 6, 2) showed a normal picture, except for an inereased amount of 
the Hb-A, fraction (5 per cent It will be noted that no fetal hemoglobin was 
present. The hemoglobin of a patient suffering from thalassemia major (Fig. 
6, 3) consisted of a high amount of fetal hemoglobin (77 per cent by chromatog 
raphy and 69 per cent by alkali denaturation) and the normal adult components 
A,, Ao, and A,. The amount of A, in this blood sample was about 1 per cent 
In eases of heterozygous Hb-E disease (Fig. 6, 4) and thalassemia Hb-E disease 

Fig. 6, 5), a good separation was obtained between Hb-E, Hb-F, and the 2 
normal adult fractions, A, and Ay. No differences were found between Hb-A 
and Hb-E, the former being eluted at a pH of 7.69 + 0.01 and the latter at a 
pH of 7.68 + 0.01. Finally, a case is presented (Fig. 6, 6) in which, next to a 
high amount of Hb-E (55 per cent), the 2 adult fractions A and A,» were present, 
but no fetal hemoglobin was found 
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Fig. 7 The separation of hemoglobins S and C on carboxymethylcellulose 1 Homo 
zygzous Hb-S (biood obtained after blood transfusion) ? Homozygous Hb-C 3 Hemo 
globin S-hemoglobin C disease 


Chromatographic Behavior of Hemoglobins S and C.—Fig. 7 shows the 
chromatographie elution curves obtained for cases of homozygous Hb-S dis 
ease (blood taken after blood transfusion), homozygous Hb-C disease, and 
hemoglobin S—hemoglobin ( disease. The paper electrophoretic pattern of 
these cases is presented in Fig. 8, A. In the blood of the patient with sickle 
cell anemia, next to Hb-S, the 3 normal adult hemoglobins (A,, Ag, and A.) and 
also the fetal component were present. The identification of Hb-F was con 
firmed by its specific ultraviolet spectral absorption. The presence of the 
adult components may be explained by the transfusion of normal adult blood. 
It is remarkable, however, that the amount of Hb-A, is inereased (5.5 per 
cent). The isolated Hb-S (eluted at a pH of 7.64 + 0.02) showed one boundary 
in paper electrophoresis (Fig. 8, B 


The isolation of Hb-C (Fig. 7, 2) required the application of a phosphate 


solution of pH 8.5 in the supply bottle. This solution was introduced after 
the elution of about 100 ml. Next to Hb-C (eluted at pH 7.82 + 0.02), a low 
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amount of fetal hemoglobin (3.5 per cent) was present; the identification of 
this component was confirmed by ultraviolet spectral absorption measurements. 
Remarkable was the high amount (8.5 per cent) of a fraction eluted at the 
same pH (7.70) as found for the Hb-A, fraction (7.69 + 0.01). The possibility 
exists that these 2 fractions are identical. No Hb-A, or Hb-A, was present. 

Finally, in the case hemoglobin S-hemoglobin C disease, a complete sepa- 
ration of these 2 components was obtained. No normal adult components 
were found, but a small amount of the fetal hemoglobin (5.5 per cent) was 
again demonstrated. 


4q 











B 

A, Paper electrophoretic pattern of the blood samples of some hemoglobinopathies. 
B, Paper electrophoretic pattern of some isolated hemoglobin types 

The Identification of the Hemoglobins L and Buginese-X.—Fig. 8 shows 
some studies on the chromatographic behavior of 2 recently discovered hemo- 
globins, L?° and Buginese-X,'* both migrating between the normal adult and 
sickle-cell hemoglobin in paper electrophoresis (Fig. 8, A). The Hb-L was 
eluted in CMC chromatography at pH 7.71 and was nearly indistinguishable 
from Hb-A, and Hb-E by this method. The separation of Hb-L from the adult 
components A, and Ay was complete. The Hb-L is different from Hb-S sinee, 


after addition of pure sickle-cell hemoglobin (prepared by elution using the 
same CMC chromatography), a separation of Hb-L and Hb-S, as well as 
hemoglobins A, and Ao, was obtained (Fig. 9, 2). Fig. 8, B, represents the 
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paper electrophoretic patterns of isolated Hb-L. Hb-X, on the contrary, was 
eluted at a much lower pH (pH 7.61) than was found for Hb-L (Fig. 9, 3). 
Next to the Hb-X, Hb-A,, and Hb-A, fractions, a small amount of Hb-A, was 
eluted also. As Hb-X showed about the same behavior in CMC as that found 
for Hb-S, this hemoglobin (together with Hb-C) was added. An incomplete 
but clearly visible separation of Hb-X and Hb-S was obtained (Fig. 9, 4) 
indieating a different behavior of these two hemoglobins in CMC echromatog- 
raphy. Finally, addition of the isolated pure Hb-L to the Buginese-X 
hemoglobin offered further proof for the difference of these two abnormal 
hemoglobins (Fig. 9, 5). From these comparative studies, it is evident 
that the two hemoglobins L and X are different components, confirming 
analytical data obtained by Lehmann in paper electrophoresis*' and chroma 
tographie differences on Amberlite IRC 50.** Since the hemoglobin Buginese-X 
is also different from Hb-G,*' the possibility exists that this hemoglobin is a 
newly discovered abnormal component. 


Fig. 9.—-The separation of hemoglobins L and Buginese-X on carboxymethylcelluloss 
(gradient 6.8 to 8.0) 1 A+ L 2 A + L with addition of S. 3 A+ X ‘ xX 
with addition of S+C ) A+X+A+bL 


Quantitative Results—Table I summarizes the percentual amounts of the 
components observed in normal and pathologie conditions. In blood specimens 
obtained from 7 normal adult individuals (laboratory workers) about 10 per 
eent of Hb-A, and about 1 per cent of Hb-A, were found to be present, next 
to small amounts of the first component V (the identity of which is still un- 
known) and high amounts of the main component Hb-Ay. The percentages 
of Hb-A, vary between & and about 16 per cent and of Hb-A, between 0.5 
and 2 per cent. These values are in reasonable agreement with the data 
obtained by Kunkel and associates'* using starch block electrophoresis. In 


3 eases of blood obtained from the umbilical cord of newborn infants the 
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presence, next to high amounts of Hb-F, of the 3 adult hemoglobin components 
was established. The percentual amount of Hb-A, fraction was slightly lower 
than found in the normal group. In a blood specimen obtained from the um- 
bilieal cord of a 3-month-old premature infant, however, a high percentage 
(6 per cent) of Hb-A, was present. In blood samples from 2 individuals with 
thalassemia trait also, increased amounts of Hb-A, were obtained, which agrees 
with the results of electrophoretic studies on starch slabs** and on paper.** ** 
It will be noted that in the 2 blood samples no fetal hemoglobin was detect- 
able. Blood samples from 2 patients with Cooley’s anemia were also studied. 
Next to high amounts of Hb-F, no increased percentage of Hb-A, was observed. 
TABLE I THe AMOUNTS OF DIFFERENT HEMOGLOBIN COMPONENTS IN NORMAL ADULTS, CORD 


BLOOD SAMPLES, CooLEY’s TRAIT AND ANEMIA CASES, HETEROZYGOUS AND HomozyaGous 
HB-E DISEASE, AND IN SoMeE CASES WitH THE Hp-E THALASSEMIA DISEASI 


CASE 
Adult (7 cases 


Cord blood 

Cord blood 

Cord blood 

Cord blood (prem 
( 

( 

( 

( 


‘ooley’s trait 
‘ooley’s trait 
‘ooley’s anemia 
‘ooley’s anemia 
Hb-E trait 
Hb-E trait 

Hhb-E trait 

Hhb-E trait : Q.! 70.5 
Hb-} 

Hh-t 

Hh-} 


 thalass. 3. 0) 
) thalass, § 15 
. thalass, 3. 10 


Considerable variation in the amounts of Hb-E was found to be present 
in 4 cases of the heterozygous Hb-E disease (15.5 to 28.5). It is remarkable 
that the percentages of Hb-E hardly exceeded 25 per cent of the total hemo- 
globin. Moreover, low percentages of Hb-E (15.5 per cent, for instanee) make 
a differentiation between the Hb-E trait and Coolev’s trait, with a high 
amount of the Hb-A,, almost impossible. Clinical, hematologic, and genetic 
studies are of great importance for a definite recognition of these hemoglobin 
abnormalities. inally, blood specimens from 3 cases with the double hetero- 
zygous condition, Hb-E thalassemia, were investigated. A ealeulation of the 
percentual amount of the different fractions A,, Ao, F, and E was easily possi- 
ble. The Hb-E content, as well as the Hb-F content, varied between 30 and 
20 per cent in our cases. It will be noted that a reasonably constant ratio is 
present in these different cases, between the amounts of Hb-A, and Hb-A,,. 
the latter being present in amounts about 5 to 8 times higher than the Hb-A, 
fraction. 

Table IL summarizes the quantitative data obtained in some single cases 
of hemoglobinopathies. Hb-H was present in low amounts (15 per cent), as 
also was Hb-X (18.5 per cent) and Hb-L (25 per cent). The Hb-J trait, on 
the contrary, possessed high amounts of the abnormal fraetion (over 50 per 
cent). Small amounts of fetal hemoglobin (3.5 to 7.5 per cent) were found 
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in some eases, in which Hb-S and/or Hb-C were eoneerned. Attention will 


be drawn also to the high amounts of the Hb-A, fraction in some of these 


Cases. 


TABLE Il. Tue PercentuAL AMOUNTS OF DIFFERENT HEMOGLOBIN COMPONENTS IN SOMI 
HEMOGLOBINOPATHIES 


ABNORMAI 


CASE COMPONENT 


Normal adult (7 cases 
Hb-H. disease : Hhb-H : 
Hb-J trait j f 5. ‘ Hb-J of 
Buginese-X trait B 7.5 of Hb-X : 18 
Hb-L trait a, 9.: ii } Hb-L :2 
Sickle-cell anemia (after 

blood transfusion ) me “ y 7.5 §.5 Hb-S :61 & 
Hom. Hb-C disease 3.f J Hb-C 


: 87.5% 
Hb-S/Hb-C disease Hy , Hb-S : 49.5% 


Hb-C : 44.5% 


The Chromatographic Behavior of Partially Oxidized Carbonmonory-H emo- 
globin.—Reecently Itano and Robinson® described the separation of inter- 
mediate forms of carbonmonoxy- and ferrihemoglobin by the moving boundary 
electrophoresis, providing the first conclusive demonstration of their existence. 


E 
380 


0 

06 
04 
9.2 


@ 


mi 


Fig. 10.—The separation of partially oxidized hemoglobin derivatives on carboxymethyl- 
cellulose (gradient 6.8 to 8.0). 1 Normal adult. 2 Normal adult; 1,000 mg. COHb in 
0.01 M phosphate buffer (pH 6.8) oxidized with 10 mg. KsFe(CN)« for 2 hours After dialysis 
for 48 hours against the same buffer, 106 mg. of hemoglobin is chromatographed. % = Normal 
adult (as in 2) but oxidation was carried out with 40 mg. KaFe(CN )«. 

Studying the separation of these intermediate components by the CMC chroma 
tography, it was found that this technique offers new possibilities in preparing 
larger quantities of these derivates. The oxidation of the normal adult hemo- 
globin was carried out in a similar way as described by Itano and Robinson* 
using K,Fe(CN), in amounts equivalent to 50 per cent and 200 per cent of 
hemes present. The final dialysis was carried out against the 0.01 M phosphate 
buffer pH 6.8 necessary in the CMC chromatography. The results of the 
chromatographic separation are given in Fig. 10. In the first experiment 
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Fig. 10, 2), in whieh 50 per cent of K,Fe(CN), was added to the COHb-A, 
3 different peaks were observed. The first 2 were identical with the normal 
adult components A, (5 per cent) and A, (42 per cent), while the third (52 
per cent) was eluted at a pH of 7.56. Addition of a twofold excess of 
K,Fe(CN), to the COHb-A resulted into the presence of 5 different compo- 
nents. A small amount of the Ay component was still present and next to 
this 4 different intermediate forms (O,, O., O,, and O,) were observed, which 
were eluted at pH’s 7.58, 7.63, 7.70, and 7.75, respectively. The spectral ab- 
sorption of these different components is given in Fig. 11. The transmission 
curves of the O,, O., Os, and O, fractions were quite different from that of 
COHb-A, and of ferrihemoglobin. All showed, next to the Soret maximum 
(410 to 420 mp), 4 different maxima at 490, 540, 580, and 630 mp. Two of 
these are specific for the carbonmonoxy form (540 and 580 mp), and 2 are 
specific for the ferrihemoglobin (490 and 630 mp). It is remarkable, however, 


that the heights of these maxima increase to high values. 
100 Icoce@e eas 100 
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Wavelength ms 
Fig. 11 The transmission curves of the isolated partially oxidized hemoglobin fractions. The 
symbols correspond with those given in Fig. 10 
The Application of the CMC Chromatography for the Study of Animal 
Hemoglobins.—Fig. 12 illustrates some separations of animal hemoglobins. 
In the blood samples of a few horses (domestic stock), 2 different components 
were observed, which also could be separated in the moving boundary electro- 
phoresis. The first peak (present for 58 per cent) was eluted at a pH 7.35 
and the second (40 per cent) at a pH of 7.47. In a lamb, possessing next to 
fetal hemoglobin the 2 adult hemoglobins I and II,* 3 different fractions were 
observed: the Hb-F being eluted at a pH of 7.15, the Hb-II at a pH of 7.23, 
and the Hb-I at a pH of 7.32 (Fig. 12,2). In this experiment a gradient with 
a 
3 


2 phosphate buffers with a pH of 6.3 and 7.5 was found necessary. The fetal 
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and adult hemoglobin of the cow could be separated very easily using the 
gradient system pH 6.8 to 8.0. In Fig. 12, 3, an example of the separation 
of these 2 components (artificial mixture) is given. The fetal hemoglobin 
moved very quickly while the Hb-A of the cow was eluted at a pH of 7.40. 
The pattern obtained in studying the hemoglobin of the hen (a domestie stock 
as well as the jungle fowl) and of the newborn chicken were completely 
similar. A separation of 2 mean fractions was obtained, the presence of 
which was demonstrated earlier.’ 


© 
1 1 mi 

Fig. 12.—The separation of some animal hemoglobins on carboxymethylcellulose 1 
Adult horse. 2 Lamb possessing next to Hb-F, the hemoglobins I and II. 3 Mixture of 
hemoglobins A and F of the cow ‘ Adult chicken 

DISCUSSION 

The CMC chromatographic technique has been employed for the detection 
and separation of many human hemoglobin components and of some animal 
hemoglobin types. In general, a good and sometimes complete separation of 
2 or more different components was obtained. It offers not only new possibili- 
ties for the identification of hemoglobin components, but it also makes quanti- 
tation of hemoglobin types in mixtures and the preparation of larger quan- 
tities of pure hemoglobin components possible. A great disadvantage of the 
technique, however, is that the method is not suitable for routine analyses. 

The present experiments on the hemoglobin of normal adults showed the 
existence of at least 3 fractions (A,, Ao, and A,), offering further evidence 
of the heterogeneity of normal adult hemoglobin.*®° The paper electrophoretic 
studies of the isolated fraction made their identity with the 3 fractions ob- 
tained by Kunkel and Wallenius,"’ using starch block electrophoresis, likely. 
Several attempts have been made to detect the nature of the fourth compound 
present in the hemoglobin of normal adults, as well as in many other hemo- 
globin samples, which is eluted at a low pH and found in low quantities. 
Sometimes this component was resolved into 2 fractions. Although the initial 
increase of pH may cause the elution of a small amount of the hemoglobin, 
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which is attached to the adsorbent, other explanations are still possible. It 
was found that addition of small quantities of uncolored proteins (serum pro- 
teins, for instance) inereased the amount of this so-ealled fraction V, indicating 
that this fraction may consist of hemoglobin combined with some (unknown) 
protein. Careful spectral studies, however, in visible as well as in ultraviolet 
light did not offer strong evidence for a suchlike combination, especially not 
for the seeond fraction, when this component is resolved into 2 peaks. An- 
other possibility, namely, the existence of an unknown component (perhaps 
Hib-H?) present in small amounts in the different blood samples, still exists. 
(ireat difficulty, however, is encountered in working with this fraction because 
of the ease of denaturation. 


TABLE III \ COMPARISON OF THE BEHAVIOR OF DIFFERENT HUMAN HEMOGLOBIN TYPES ON 
CARBOXYMETHYLCELLULOSE With SoME OTHER METHODS 


RELATIVE MOBILITIES 


IN CHROMATOG 

IN PAPER ELECTRO- RAPHY ON AMBER ISOELECTRI 
HB-TYPE 7 ELUTION pH |PHORESIS (pH 8.6 LITE IRc 50 POINTS CO-HB 
Hb-H 6.7 6.9 13 15 5.6 
Hb.J 7.329 + 0.01 12 10 
Hhb-A, 2 40 + 0.01 
Hb-A 49 + 0.01 
Hb-F 7.08 * 0.0] 
Hb-X ; 7.61 
Hb-S 7 7.64 + 0.02 
Hh-E 3 7.68 + 0.01 
Hh-A 5 7.69 + 0.01 
Hb-L 3 7.71 


Hb-c j 7.82 + 0.02 


°Nn number of estimations 


A comparison of the behavior of the different human hemoglobin com- 
ponents on CMC chromatography with their electrophoretic pattern and their 
behavior on Amberlite IRC 50° ° is given in Table III. A general relation 
was found to exist between the “elution pH values” of the different human 
hemoglobin types and their relative mobilities in paper electrophoresis at 
pH 8.6. Hemoglobin C has the lowest electrophoretic mobility and is eluted 
at the highest pH value, while the 2 ‘‘fast-moving’’ hemoglobins studied (H 
and J) are eluted before the main fraction of normal adult hemoglobin. This 
relation may indicate that the separation of the hemoglobin types in CMC 
chromatography is mainly based on differences in charge of the hemoglobin 
molecule. Only one exception exists: the abnormal Hb-L. This hemoglobin 
type behaves on CMC in a similar way as found in Amberlite IRC-50 chroma- 
tography; Hb-L is eluted after Hb-S and before Hb-C. A similar relation 
between chromatographic behavior and electrophoretie mobility (in the 
moving boundary electrophoresis) was also found to exist for the intermedi- 
ate forms of Hb-A formed after partial oxidation of this hemoglobin with 
K.Fe(CN),. 

Studying the elution pH values more closely, it is clear that no differences 
exist between those of the Hb-J and Hb-A, fraction (7.39 and 7.40. respec- 


tively). Therefore, the possibility exists that these 2 hemoglobin components 


are identical, in consequence of which the hemoglobinopathy Hb-J trait must 
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be regarded as an abnormality in the production of the Hb-A, fraction. The 
elution pH values for Hb-E and Hb-A, fraction (7.68 and 7.69, respectively) 
were also found to be the same. 

The behavior of Hb-H is well defined in regard to the other human hemo- 
globin types since this hemoglobin is eluted at the low pH value of about 6.8. 
Therefore, this technique offers a good method for the preparation of large 
quantities of pure Hb-H. The marked chromatographic as well as electro- 
phoretic behavior of Hb-H may be related to structural differences between 
this hemoglobin type and the normal adult hemoglobin because the estimation 
of the amino acid composition revealed, among other things, a higher amount 
of glutamie acid and a corresponding lower amount of alanine (unpublished 
results). 

The chromatographic separation of Hb-F offers a new means for the 
estimation of this hemoglobin in blood samples. For cord blood samples, as 
well as for blood samples of patients suffering from thalassemia major and 
thalassemia Hb-E disease, a good relation exists between the values obtained 
with this new chromatographie procedure and with the alkali denaturation 
technique. Moreover, some examples are given of the estimation and identi- 
fication of low quantities of Hb-F in some cases of sickle-cell disease and 
homozygous Hb-C disease. 

The chromatographic behavior of Buginese-X hemoglobin is an example 
of the possibilities offered by this method for the identification of abnormal 
components. In the case of Buginese-X, a definite difference between this 
hemoglobin and the hemoglobin types Ay, F, S, and L was demonstrated. 

The few quantitative results may raise questions, but the number of 
analyses given in Tables II and III is too small to permit any conclusions. 
Further research will be necessary. 


The results of analyses of the blood samples of some animals (horse, sheep, 
cow and hen) are given only as examples of the new procedures available for 
the study of hemoglobins in different species. 


SUMMARY 

A new chromatographic procedure is deseribed using carboxymethyl- 
cellulose as cation exchanger and dilute phosphate buffers of low ionic 
strength with pH values between 6.0 and 8.5 as eluting solvents. With this 
technique, next to the normal adult and fetal human hemoglobins, 7 abnormal 
hemoglobin types (H, J, Buginese-X, S, E, L, and C) and the hemoglobins of 
some animals were investigated. In most cases a good and sometimes complete 
separation was obtained, offering a new method for the identification of the 
abnormal component. As a result of this procedure, the identity of the 
Buginese-X hemoglobin with Hb-S and Hb-L could be excluded. The pH 
values at which the different components were eluted are related to their 
relative mobilities on paper electrophoresis at pH 8.6, with the exception of 
Hb-L. This hemoglobin type showed the same behavior in CMC chromatog- 
raphy as found in Amberlite IRC-50 chromatography. Special attention was 
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drawn to the behavior of Hb-H, which was eluted at a relatively low pH 
value. New possibilities are presented for the quantitative estimation of the 
fetal hemoglobin and the detection of this component in some hemoglobinopathies. 

The heterogeneity of the hemoglobin of normal adults, as demonstrated 
by different techniques, was found also using this new method. The existence 
of 3 different fractions (A, with the same behavior as Hb-J, Ay, and A, with 
the same behavior as Hb-E) was confirmed. 

It was found possible to quantitate the amounts of the different com- 
ponents in mixtures. However, the small number of quantitative analyses did 
not allow us to draw definite conclusions. 


Finally, examples of the separation of different hemoglobin components 


present in some animals are given. 


We are highly indebted to Drs. Fessas, Lehmann, Lie Injo Luan Eng, van der 


r, and de Silva for sending the different blood samples. 
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STUDIES OF RHEUMATOID SERUM EMPLOYING A MODIFIED 
COOMBS’ SLIDE TEST 


JuLtius KrirzMan, M.D. 
Boston, Mass. 


INCE the initial observation by Waaler' of the enhanced agglutination of 
S sensitized sheep erythrocytes by serum of patients with rheumatoid ar 
thritis, a concerted effort has been made to determine the value of this phenome 
non as a diagnostic test. The chemical nature and basie significance of ‘* rheuma 
toid factor’’ are also being intensively investigated. The results of these 
studies have recently been summarized.*** Rheumatoid factor activity has been 
shown by numerous investigators to reside in the globulin fraction of serum.°” 
Studies by Franklin and associates* strongly suggest that rheumatoid factor 
is a macroglobulin but raise some question as to whether the same factor that 
combines with human gamma globulin is responsible for the agglutination of 
sensitized sheep red cells. 

Numerous studies have indicated that the sheep erythrocytes used in the 
early tests for rheumatoid factor are not an essential part of the test system, 
and that any suitably sized particles which can be coated with gamma globulin 
can be agglutinated in the presence of rheumatoid factor. Thus, human red 
cells coated with antihuman red cell antibodies or Rh system antibodies*''; 
sheep red cells treated with tannie acid and coated with human fraction IL"; 
latex particles coated with gamma globulin'® '* and bentonite coated with gamma 
globulin'® have all been shown to be agglutinated by some factor found mainly 
in the serum of patients with rheumatoid arthritis. The observation of Ziff 
and associates'’® that rheumatoid factor activity which is found in the eu 
globulin fraction of serum is inhibited by something in the euglobulin fraction 
of normal serum also suggested that rheumatoid factor combines with some 
component of normal serum globulin. These observations culminated in the 
report of Epstein and co-workers” of a precipitin reaction occurring between 
rheumatoid factor and gamma globulin. 

In the course of evaluating patients with a variety of joint afflictions with 
a number of the already existing tests for rheumatoid factor activity we were 


stimulated to develop still another test by what appeared from our own experi 


ence to be some of the disadvantages of available methods. It is the main pur- 
pose of this report to describe this test, compare our results with it to our re- 
sults with prior methods and to point out the utility of this test in both clinical 
and investigative work. 


From The Arthritis Research Laboratory of The Boston Dispensary, Boston, Mass 


Supported by a research grant from the National Institute of Arthritis and Metabolic 
Disease, National Institutes of Health, Bethesda, Md 
Received for publication Feb. 17, 1958. 
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TEST FOR STUDY OF RHEUMATOID SERUM 


METHODS AND MATERIALS 


Blood specimens were obtained mainly from inpatients at the New England Center 
Hospital and patients of the Arthritis and Medical Clinies of the Boston Dispensary. Sera 
to be tested were collected weekly and stored in the frozen state until used. Before use 
the sera were heated at 56° ¢ for 30 minutes in a water bath to inactivate complement. 
They were then treated by shaking with equal volumes of washed unsensitized sheep red 
blood cells to remove heterophil agglutinin. 

The sensitized sheep cell agglutination test (S.S.C.A was performed by the method 
of Alexander and DeForest.15 Fresh sheep red cells preserved in Alsever’s solution were 
obtained as needed from the Hyland Laboratory They were washed 3 times in physio 

ric saline and stored in the desired concentrations for not more than 48 hours before use. 
Rabbit antisheep cell serum obtained from the Markham Laboratory was made up as a 
ock solution of 1:100 in saline The sensitizing hemolysin concentration was one-fifth 
the minimal agglutinating titer With this method, titers of 1:64 or higher are considered 
positive, 

Euglobulin fractions of serum were prepared by the method of Ziff and associates 
and used instead of whole serum in the method of Alexander and DeForest. The euglobu 
lin inhibition test was not carried out. Although this method has considerable diagnostic 
accuracy, we feel that it is too lengthy and involved for routine clinical use. 

The latex-fixation test was performed by the Rheins aad co-workers’ ‘‘drop’’ modifi 
cation!® of the test of Singer and Plotz, The latex particles used were supplied by the Dow 


Chemical Corporation. The gamma globulin used in this test, the slide test to be described, 
and in the inhibition studies was either poliomyelitis immune globulin*® or a preparation of 
lyophilized fraction If kindly supplied by the Harvard Blood Fractionation Laboratory. All 
dilutions of gamma globulin were made in the physiologic saline. 

The Rheins’ method requires small amounts of serum and inactivation and absorp 
tion of the serum are unnecessary, The tests ce: be set up and read within an hour once 
the ‘‘antigen’’ has been prepared. In our experience the chief disadvantage of this method 
is that the strength of agglutination in the ‘‘ positive’’ tests varies, making reliably repro 
ducible readings difficult. Despite this disadvantage, we have had only one discrepant re 
sult in comparing this test to our slide test and the S.S.C.A, test on 35 sera and euglobu 


lin fractions 


The Modified Coombs’ Slide Test In its ability to agglutinate red cells coated with 
human gamma globulin, rheumatoid factor is remarkably similar to Coombs’ antihuman 
globulin serum, whieh is ordinarily produced by immunizing rabbits against human gamma 
globulin, By taking advantage of the recently described abilitv of certain metallic cations 
in proper coneentration to bind proteins to the surface of celis,=¢ we found it possible to 
render sheep or human red cells Coombs’ positive by shaking a suspension of cells in a mix 
ture of gamma globulin and chromic chloride. For most batches of cells, a solution of chro 
mie chloride (in saline) containing 4 to 5 wm per milliliter was satisfactory. The fact that 
the cells are properly coated is ascertained by doing a slide test with commercial Coombs’ 
serum (Ortho), The Coombs’ test on cells coated in this manner is 2 to 3 plus. Once the 
cells have been properly coated, they are used in performing Coombs’ slide tests, but the 
patient’s serum or euglobulin fraction is used in the place of Coombs’ serum, The coated 
cells can be stored in the refrigerator and continue to give consistent results for at least 
one week, The reaction is easily read over a light in one minute, Sheep red cells or human 
type O red cells may be used interchangeably. If human cells are used, preliminary ab 
sorption and inactivation of the sera to be tested are unnecessary.t If only occasional tests 
are done, the patient’s whole blood may be colleeted, and his own red cells may be sepa 


rated and coated and used in the test. 


*Manufactured by Cutter Laboratories jerkeley, Calif 


tSlide tests against coated human type O cells were done with 20 sera which had not 
been inactivated or absorbed The tests were repeated after inactivation at 56° C. for 30 
minutes and absorption with two volumes of packed sheep red cells There was no change in 
results, As a control, slide tests can be done simultaneously against washed, uncoated type O 
cells, but this does not appear to be necessary 
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FOUR PLUS 


Fig. 1 teading from top to bottom, the first slide in each column is the result of a 
Coombs’ test on the coated cells using commercial Coombs’ serum The remainder are the 
results of testing various rheumatoid sera against coated cells Reactions designated as one 
plus are easily read by tilting the slide back and forth over a light source. They do not 
photograph well. 





TEST FOR STUDY OF RHEUMATOID SERUM 


The exact details of the test are as follows: 0.5 ml. of 50 per cent washed red cells 


are suspended in 2.5 ml. of 1 per cent gamma globulin solution, One milliliter of chromic 
chloride solution containing 5 wm per milliliter (a 1:20 dilution of a stock 0.1 M solution 
is added. The suspension is shaken for 4 minutes At the end of this period, the cells are 
repeatedly washed with saline and finally resuspended in saline to make a 25 per cent sus 
pension. Any small clumps of cells that may be present can be easily broken up by re 
peated aspiration with a Pasteur pipette. The fact that the cells are properly coated is 
checked by Coombs’ slide test with commercial serum, Our results have been reproducible 
with different batches of cells, chromie chloride, and gamma globulin. The slide test is then 
performed as an ordinary Coombs’ slide test using the serum or euglobulin fraction to be 
tested. Two drops of 25 per cent cell suspension are mixed on a glass slide with two drops of 
the serum and the reaction is read over a light. The reactions are read as from 0 to 4 plus. 
See Fig. 1 Reactions of one plus or higher : considered positive. After the tests have 
been read, they may be allowed to dry in air at room temperature and saved, Reactions 
of 2 plus strength or greater are easily read in the dry state and negative readings remain 
negative, It is not possible, however, to distinguish | plus reactions from negative reac 
tions in the dried state. These dried slides may be kept in slide boxes as permanent graphic 


records if desired, 
RESULTS AND DISCUSSION 


The results of using this test in clinical diagnosis are recorded in Table I. 
The diagnoses of rheumatic disease in the chart conform to the criteria pro- 


posed by Ropes and associates.*! 


TABLE I, ResuLts or Siipe Test Anp 8.8S.C.A. Test rx 100 Cases 


SLID TEST 
DIAGNOSIS POSITIVI NEGATIVI 


Definite rheumatoid arthritis 

Probable rheumatoid arthritis 

Possible rheumatoid arthritis 

Degenerative joint disease 

Gout 

Disseminated lupus 

Dermatomyositis 

Late latent syphilis 
Ankylosing spondylitis 

Miscellaneous joint disorders: 
traumatic arthritis, shoulder 
hand syndrome, myofibrosi 

tis, bursitis, tenosynovitis, 

fascitis, peritendinitis, peri 

articular cellulitis, serum 

sickness 10 9 


Erythema nodosum 9 


Xanthomatosis l 0 
No organic disease 18 18 


We found the slide test adaptable to the study of gamma globulin inhi- 
bition of rheumatoid factor activity and the precipitin reaction with gamma 
globulin since the cells were coated with the same gamma globulin used in the 
inhibition and preeipitin studies, and the degree of inhibition could be as- 
sessed immediately by doing a slide test. 


The data in Table II indicate that the titers of activity as determined by 


the slide test are of about the same order as in the S.S.C.A, test.* The lower 


*We are unable to explain the 4 tube disparity between the S.S.C.A. titer and the 
test titer in the fourth example in Table Il Other sera tested since show either 
or, at most, a 2 tube disparity. 


slide 
no disparity 





KRITZMAN sab. & Clin. Med 


gust, 1958 


titers of the euglobulin fractions may represent the absence of the agglutina 
tion enhaneing effeet of serum. 


TABLE II. Stipe Test With Seriat DILuTIoNs oF SERUM AND EUGLOBULIN 


SLIDE TEST TITER 
. TITER (SERUM ) SLIDE TEST TITER SERUM EUGLOBULIN 


1:16 
1:16 
1: 
1: 


t2 
S 


The observations recorded in Tables I and III were made using serum. 
The results with euglobulin listed in Table II have already been mentioned. 
After these observations were made, studies on inhibition of the rheumatoid 
factor activity in the euglobulin fraction and corresponding formation of pre 
cipitate by the addition of gamma globulin were earried out. The data in 
Table IV are representative of our results. Before combining euglobulin frae 
tions with gamma globulin solutions, the solutions were centrifuged at 8,000 
r.p.m. for 15 minutes and the clear supernates used. This was done to insure 
clarity of the starting solutions, so that the formation of a preeipitate could be 
detected early. We found that although maximum inhibition of rheumatoid 
factor activity as measured by slide test occurred within 15 minutes, maximum 
precipitation seemed to take at least 24 hours in most experiments. 


TABLE ILI. Suipe Test or Posirive SERUM WITH AND WitrHoUT GAMMA GLOBULIN ADDED 
BEFORE TESTING" 


STRENGTH OF SLIDE TEST REACTION 
Serial dilutions 3 : : 216 338 :64 1:128 
Positive serum ' ' t ' t t+ 4+ 
Positive serum plus 
equal volumes of 
1% gamma globulin t+ 3+ 24 ‘ 0 0 


*Readings were done from coded tubes by two separate observers 


TABLE IV. CORRELATION OF RHEUMATOID Factor INHIBITION BY GAMMA GLOBULIN AND 
PRECIPITATE FORMATION 


rUBE NUMBERS 2 3 Hy 5 6 8 9 10 11 


Positive euglobulin All tubes contain 0.3 ¢.c. undiluted euglobulin 
Gamma globulin 0.3 ¢.c, 2.5% : + : <8 1:16 1:32 1:64 1:128 1:256 1:512 1:1024 


Slide test 0 ‘ n 9, rs ” 


; 


Precipitate + ' ‘ ' 1+ 24 94 0 0 


*Readings were done from coded tubes by two separate observers 

In the later experiments, gamma globulin solutions to be combined with 
euglobulin fractions were heated at 60 to 65° C. for 15 minutes in order to obtain 
more rapid and clear-cut precipitin reactions. The results in Tables III and 
IV confirm the observations of others that rheumatoid factor is inhibited by 
prior mixing with gamma globulin. This inhibition correlated well with pre 
cipitin formation and presumably represents a combination of rheumatoid 
factor with some component of pooled gamma globulin. 





TEST FOR STUDY OF RHEUMATOID SERUM 


SUMMARY 

A modified Coombs’ slide test has been deseribed which compares favor- 
ably in diagnostie accuracy to other tests for rheumatoid factor activity. This 
test demonstrates the striking similarity of rheumatoid factor to rabbit anti- 
human globulin serum (Coombs’ serum 

The chief advantages of this test are: 

1. It ean be performed and read within a few minutes once the reagents 

prepared. 

2. The end point is easy for anyone to read 
3. It ean be done using the patient’s serum or euglobulin fraction 
+. In the event that only occasional tests are done, the patient’s own 
cells may be used. 
5. Dried slides may be filed as a permanent graphic record of test results. 


6. It ean be used in investigating rheumatoid faetor sinee it ean be 


done quickly at any step in processing rheumatoid factor to determine its pres 


ence or absence. 


Using this test, observations of others regarding the combination of rheu 


matoid factor and gamma globulin have been confirmed 
The valuable assistance of Miss Virginia Castro is gratefully acknowledged. 
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An Editorial 





Advance 


An abnormal serum reference standard has been 
announced. 

The preparation of a normal serum reference 
standard for biochemical determinations was a step 
towards universal uniformity of laboratory tests. 
Further steps will facilitate discarding such time 
worn phrases as “normal value for this hospital’, 
which have always implied that either the patients 
or methods have varied from hospital to hospital, 
and thus precluded the interchange of information 
between hospitals. 

The next logical movement is the similar establish- 
ing of proven serum standards and controls in the 
abnormal or pathological range. No area of labora- 
tory testing has needed such concentrated effort 
towards improvement, as that part concerned with 
determining the validity of abnormal results in 
blood chemistry. Until the present time, any result 
in the abnormal range had to be accepted in the 
wide range of abnormality. And an abnormal value, 
based on an aqueous or completely synthetic stand- 
ard does not duplicate the physical and chemical 
problems of the patient’s specimen, and cannot be 
considered the best basis for comparison in the dis- 
eased state. Among the most important of the inter- 
ferences, not present in aqueous or synthetic 
protein-containing standards, are the lipids. 

In a recent paper, directors of chemical laboratories 
in six major New York hospitals, reported that 
Versatol, as a normal reference standard, had 
proven superior to all materials previously tested. 
The introduction of Versatol-A, based on the same 
concepts as Versatol, as the abnormal standard and 
control for blood chemistry, should be welcomed. 
It is a considerable advance: for now, biochemical 
measurements can give more precise definition to 
the pathological state. 





Versatol 





Versatol-A 


(abnormal) 





New research step 
helps laboratories 
be surer 


Abnormal Patient Findings 
Reproduced For 16 Tests. 


Morris Plains, N. J., August, 
1958. The new abnormal stand- 
ard and control, Versatol-A, 
with its companion Versatol, the 
normal reference standard, now 
provide double reference points 
in the complete range of normal 
and abnormal values. 
Versatol-A is the radically new 
standard-in-serum providing 
abnormal values for sixteen 
everyday blood chemistry tests. 
Twelve different tests are con- 
trolled with certainty with the 
normal standard-in-serum 
Versatol. According to the Diag- 
nostic Research Laboratory, 
Warner-Chilcott, Morris Plains, 
N. J., Versatol-A also is pin- 
pointed for bilirubin, free cho- 
lesterol, total cholesterol and 
uric acid. This is the first time 
that bilirubin and free choles- 
terol have been available in 
either normal or abnormal 
standard forms. 

Dr. Arthur Babson, of the Bio- 
chemical Diagnostic Research 
Laboratory, explains: “We 
haven’t been able to return cho- 
lesterol to Versatol in normal 
amounts because of solubility 
problems. In Versatol-A cho- 
lesterol is at the limits of its 
solubility, giving low, hyper- 
thyroid-like, but completely 
known values.” 

Versatol’s chemical and physi- 
cal similarity to the patient’s 
specimen was previously evalu- 
ated by six leading laboratories 
and reported (Clinical Chemis- 
try, June 1958) as superior to 
all other materials tested. 
Versatol-A is prepared in the 
same manner. 





LABORATORY SUPPLY DIVISION + WARNER-CHILCOTT, Morris Plains, N. J. 
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A compact reference containing the most recent information 


and the most frequently used methods in laboratory diagnosis 


CLINICAL LABORATORY METHODS 


by W. E. BRAY, B.A., M.D., Consulting Laboratory Director, Martha Jefferson Hos 
pital, Charlottesville, Virginia; formerly Professor of Clinical Pathology, University of 





Virginia and Director of Clinical Laboratories, University of Virginia Hospital 


Fifth Edition. 720 pages, 124 illustrations. 
18 color plates. PRICE, $9.75. 


The object of this volume is to bring together in 
compact form for ready reference the more recent in 
formation and most frequently used methods of labora 
tory diagnosis. 

Interpretation of the laboratory findings in each in 
stance is given under the heading SIGNIFICANCI 
Most of the formulas for reagents are given in a 
special chapter—INDICATORS, STAINS AND STAIN 
ING SOLUTIONS, REAGENTS, REMOVAL OF LAB 
ORATORY STAINS, ATOMIC WEIGHTS, TABLE OF 
EQUIVALENTS, TABLE OF NORMALS—fully in 
dexed. The reagents are given alphabetically, first the 
individual ones not used in groups, then those used in 
groups as for Calcium, Chlorides, Cholesterol, and so on 

New charts in this edition include the revised line 
chart for calculating proteins by the copper sulfate 
method, and charts of the findings in the blood of nor 
mal children. New illustrations include L. E. cells and 
rosettes, plasma cells, and the Gordious species of round 
worm. 

Additional material includes the status of the Salk 
vaccine, radioactive iodine and protein-bound iodine in 
the diagnosis of thyroid disorders, the treponema im 
mobilization test, epidemic hemorrhagic fever, cat scratch 
disease, the neutral red indicator test for virulence of the 
tubercle bacillus, doubly refractile lipoids in urine, 
pseudoalbuminuria, and the male frog test for pregnancy 

Also included are the mercurimetric (mercuric ni 

‘ " ie oe trate) method for blood and urine chlorides, the intra 
Size to Fit the Clinic venous galactose tolerance test, and spectrophotometric 

methods for blood sugar, blood and urine phosphorous, 
Coat Pocket blood phosphatases, blood cholesterol, and blood urea 
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3207 Washington Blvd., St. Louis 3, Missouri. 
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Nessler Compound Paragon 


(Dry Granules) 


for the simplest method of preparing 
Nessler Solution which will not be 
affected by the amount of carbonates 
ordinarily present in sodium hydrox- 
ide. ‘The granules and the resulting 
solution will remain stable for years. 


Benedict Compound Paragon 


Qualitative — Quantitative 
(Dry Granules) 


You can now have perfect Bene- 
dict Solutions (qualitative or 
quantitative) for the determina- 
tion of sugar in urine by simply 
dissolving the granules in water. 


Packed in two convenient sizes: 


QUALITATIVE QUANTITATIVE 
P501—for 1 liter P611—for 1 liter 
P520—for 1 gallon P631—for 1 gallon 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, 
which is made by simply dissolving 
the contents of bottle in 10 per cent 


. Priced so that each qualitative 
sodium hydroxide solution. 


test costs % of a cent, when pur- 
; = 2 

Convince yourself by ordering Ness- chased in lots of 12 gallons (1 
ler Compound Paragon. Available case); slightly higher when 
for immediate delivery. purchased in smaller quantities. 
Efficient 


Conrenioent Kconomical 


Manufactured exclusively by 


PARAGON C. & <. CO. INC., 2540 Belmont Avenue, New York 58, New York 
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‘ Biochemical Needs 
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utry; Blectrocardiography; Parasitology; Tissue 
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THE 
ENCOURAGEMENT 
OF 
PROGRESS 


The American Cancer Society’s annual Spring Crusade is 
the climax of its year-round attack on cancer through 
research, professional and lay education, and service to 
the stricken. A study of the cancer scoreboard indicates 
that steady progress is being made. More and more lives 
are being saved. Progress encourages more progress. 

Earlier diagnosis, new methods of treatment and a 
greater public awareness have contributed to this progress. 
It is often said that the life of the cancer patient is in the 
hands of the first physician he consults. The Society, there- 
fore, conducts a broad professional education program, 
making available to doctors, through literature, films, 
exhibits, and other materials, information on the latest 
advances in detection, diagnosis and treatment. 

As the Society aids the doctor, so does its large corps of 
volunteers aid the cancer patient with dressings, transpor- 
tation, home care, medication and a host of other vitally 
needed services. 

For the past two years, the theme of the Society’s annual 
Crusade has been “Fight Cancer with a Checkup and a 
Check.” That Americans everywhere are learning the value 
of the annual health checkup in the fight against cancer, is 
evidenced by the fact that doctors report they are now 
seeing more cancer in its earliest stages than ever before. 

That American men and women have a personal stake 
in the program of the American Cancer Society is demon- 
strated by the public’s generous support of the Crusade. 
This year the goai is $30,000,000 and we are confident that 
our people will meet the challenge... will “fight cancer 
with a checkup and a check” in the encouragement of 
further progress. 





Lowell T. Coggeshall, M.D., President 
American Cancer Society 
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For Specialised Services in Clinical Chemistry 
Add This “ANNEX” to Your Clinical Testing Team. 


Hospitals, laboratories and clinics all over the United 
States, Canada, and Alaska use our laboratory as an 
“annex”. You, too, can make our new laboratory 
(shown above) your “annex” and auxiliary service 
for your infrequent biochemical determinations. 
Our complete facilities insure our flexibility to 
perform time-consuming assays or biochemical 
determinations requiring complex equipment and 
specialized personnel — with fast, accurate service at 
modest fees. 


Just a note from you and we'll send you our brochure 
which includes our fee schedule, instructions for 
collecting specimens and a panorama of our services. 
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Gonadotropins 


Lead Arsenic 
Lipids 


Sodium ... Potassium 
Paternity Tests Corticoids Estrogens... 
Magnesium Catecholamines 


A | “the laboratory for laboratories” 
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DRY RADIOACTIVE 
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All-welded stainless steel con- 
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inner container. 

Write for illustrated folder 

describing these and 20 other 

kinds of enclosures. S. Blickman, Inc., 9208 
Gregory Avenue, Weehawken, New Jersey. 
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There was once a renowned archaeologist 
Who divulged to a mere anthropologist 
That an old hieroglyphic 
Said reactions Specific 
Could be obtained by a knowing technologist. 
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blood typing serums 
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HELP US KEEP THE 
THINGS WORTH KEEPING 


Speech is free in Amer- 
ica. But it’s not free for 
the keeping! Protecting 
our American heritages 
costs money. 


It takes money for 
strength to keep the 
peace. Money for science 
and education to help 
make peace lasting. And 
money saved by indi- 
viduals. 

Your Savings Bonds, 
as a direct investment 
in your country, make 
you a Partner in 
strengthening America’s 
Peace Power— helping 
us keep the things worth 
keeping. 

Good cash investment, 
too. Put 3 dollars into 
Series E Bonds — take 
out 4 in just 8 years, 
11 months. 

Safe. Both interest 
and principal guaran- 
teed by the U. S. Gov- 
ernment. Every Bond 
recorded, so if it’s lost, 
stolen or destroyed it 
can be replaced, free. 

Automatic saving. The 
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save for the big things 
in life. 
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Klett Reagents 
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PHOTOELECTRIC 
COLORIMETER 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 





KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical or re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 
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Veeder-Root 


hand Taltes 


for Quick Blood Count 


Lab technicians like the operating 
speed and ease of checking red and white 
count and differential with Veeder-Root 
single and double counters. Nestled 
compactly and securely in either hand, 
other hand can adjust microscope, hold 
slide, dial phone or do pencil work. 
Slightest finger pressure registers each 
count. Just turn knob to zero for 
fast resetting. 


QUICK FACTS — Single 
counter Counts up to 10,000. 
White figures, black back- 
ground. 

Double Counter — Figures on 
one unit, white on black, 
other unit, red on white. 
Each unit counts up to 
10,000. If not available from 
your Medical Supply House, 
use coupon below. 


®. Veeder-Root 
‘The Name That Counts’’ 
World's Largest Makers of Counting Devices 


VEEDER-ROOT 
HARTFORD 2, CONN. 


Please send me descriptive folder of Veeder-Root 
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A Comprebensive, Readable 
Synthesis on Hematology 
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LABORATORY MEDICINE 
—HEMATOLOGY 


While other references in clinical pathology present in one volume a survey of 
all three broad fields—hematology, chemistry and microbiology—the new Miale 
book, LABORATORY MEDICINE—HEMATOLOGY is the first truly compre- 
hensive evaluation of the ENTIRE FIELD of hematologic diagnosis beginning 
with the basic concepts of hemopoiesis and cell survival and progressing to a 


detailed presentation of the entire field 
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treatises on hematology available today. 
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automation finally brought to clinical chemistry 
Already in hospitals and laboratories the country over, the Technicon Autoanalyzer is 
doing jobs like those listed below with an accuracy, reproducibility, and dependability, 
which has users standing back in awe. The work goes faster, up to 60 tests-per-hour, 
better, accuracy is repeatable to approximately 1%, and cheaper, completely auto- 


matic; no human intervention or supervision. 
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There's a brochure which explains the Autoana- 
lyzer principle, detailing operation and methods. 


or the thousand-and-one substances for which biological fluids 

are analyzed ... blood glucose, blood urea nitrogen, calcium, 
alkaline phosphatase, chlorides, etc. Reproducibility, approxi- 
mately 1%. Elapsed time-per-test, as little as one minute. 


pharmcodynamic research 
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